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© External regulation of gene expression. 



© The preparation and use of nucleic acid promoter fragments derived from several genes from com, petunia 
and tobacco which are highly responsive to a number of substituted benzenesutfonamides and related 

]S compounds are described. These promoter fragments are useful in creating recombinant DNA constructions 
comprising nucleic acid sequences encoding any desired gene product operably linked to such promoter 

CO fragments which can be utilized to transform plants and bring the expression of the gene product under external 

£2 chemical control in various tissues of monocotyledortous and dicotyledonous plant. 
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EXTERNAL REGULATION OF GENE EXPRESSION 



CROSS-REFERENCE TO RELATED APPLCIATION 



This application is a continuation-in-part of U.S. Serial No. 07/327,205, filed March 17, 1989. 

5 

FIELD OF THE INVENTION 



10 This invention relates to the preparation and use of nucleic acid promoter fragments derived from 
several genes from corn, petunia and tobacco which are highly responsive to a number of substituted 
benzenesulfonamides and related compounds. Chimeric genes consisting of nucleic acid sequences 
encoding a desired gene product operably linked to one of these promoter fragments in recombinant DNA 
constructions may be made. Transformation of plants with such constructions will result in new plants in 

15 which the expression of the product encoded by such chimeric genes can be controlled by the application 
of a suitable inducing chemical. 



BACKGROUND OF THE INVENTION 

20 

The ability to externally control the expression of selected genes and thereby their gene products in 
field-grown plants by the application of appropriate chemical substances in the field can provide important 
agronomic and foodstuff benefits. This control is especially desirable for the regulation of genes that might 

25 be placed into transgenic plants and has many applications including (1) prolonging or extending the 
accumulation of desirable nutritional food reserve in seeds, roots, or tubers, (2) producing and accumulating 
products in plant tissues at a defined time in the developmental cycle such that these products are 
convenient for harvest and/or isolation, and (3) initiating the expression of a pest-specific toxin at the site of 
pathogen attack. The latter example may provide a means of avoiding contamination of the ultimate food 

30 product with the toxic agent as well as minimizing the development of resistance in the pest population by 
selective, tissue specific, rather than constitutive expression of the toxic agent These and other benefits 
have been unattainable to date since a practical means to bring known plant genes under external control in 
the field has not been available. 

In eukaryotic systems, the expression of genes is directed by a region of DNA called the promoter. In 

35 general, the promoter is considered to be that portion of DNA in a gene upstream from the coding region 
that contains the site for the initiation of transcription. The promoter region also comprises other elements 
that act to regulate gene expression. These include the "TATA box" at approximately 30 bp (-30) 5 relative 
to the transcription start site and often a "CAAT box" at -75 bp. Other regulatory elements that may be 
present in the promoter are those that affect gene expression in response to environmental stimuli, such as 

40 light, nutrient availability, heat, anaerobioisis. the presence of heavy metals, and so forth. Other DNA 
sequences contained within the promoter may affect the developmental timing or tissue specificity of gene 
expression In addition, enhancer-like sequences that act to increase overall expression of nearby genes in a 
manner that is independent of position or orientation have been described in a number of eukaryotic 
systems. Homologs of these enhancer-tike sequences have been described for plants as well. The vast 

45 diversity of promoter function in eukaryotic systems therefore provided the opportunity to Isolate promoters 
with relatively stringent requirements for their transcriptional activation which may be useful in regulating the 
timely expression of gene products in transgenic plants. 

While current technology exists to transform plants with the genes encoding selected products, the 
expression of these genes is either continuous throughout the life cycle (controlled by a constitutive 

so promoter), or regulated by the developmental^ timed program of maturation inherent in each 
organ/tissue/cell (stage or tissue specific promoters) in which the gene product is destined to be expressed. 
Continuous expression precludes controlled production of a gene product at particular stages of the life 
cycle, in specific tissues or in response to environmentally unpredictable events. In addition, such 
constitutive expression could place a major penalty on yield, due to greatly increased nergy demands 
accompanying prolonged high level synthesis of a single gene product Tissue or stage specific expression, 
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ment that preclude their use in regulating the expression of foreign genes in transformed plants. A more 
general review of phytohormone effects on vegetativ plants including ABA, ethyien , cytokines, and 
auxins, is presented in Phytohormones and Related Compounds: A Comprehensive Treatise Vols I and II. 
Letham, D.S., Goodwin. P.S., and Higgins. T.G.V, eds. Bsevier/North Holland (1978). 
5 Among the potentially attractive chemical candidates that may have utility in regulating gene expression 
in transgenic plants is the group of compounds collectively called herbicide antidotes or safeners. Safeners 
are functionally defined as chemicals that have the ability to increase the tolerance of a crop plant to the 
toxic effects of herbicides when the plant is treated with the safener. It now appears that the safening action 
of these compounds is related to their ability to increase the metabolism of the herbicide in safener-treated 
io plants [Sweetser, P. B., Proceedings of the 1985 British Crop Protection Society Conference-Weeds. 
3:1147-1153 1985]. For example, treatment of maize and other cereal crops with safeners such as the 
dichloroacetamides increases their tolerance toward several groups of herbicides [Lay. M.M., and Casida. 
JE. Pest Biochem. Physiol. 6:442-456 1976. Parker. C. Pesticide Science 14:533-536 1983]. More 
specifically, N,N-diallyl-2,2-dichloroacetamide safening is correlated with an increased level of glutathione-S- 
15 transferases (GSTs), a family of enzymes known to detoxify several major classes of pre-emergent, 
selective herbicides by conjugating them with glutathione [Mozer et a!., Biochemistry 22:1068-1072 1983]. 
This increase in GST activity is correlated with an increased steady-state level of GST mRNA in treated 
plants, as shown by the work of Wiegand et a! [Wiegand, R. et al., Plant Mol. Biol., 7:235-243 1986]. Thus 
safener treatment of selected plants can increase the steady state level of a gene product without having 
20 significant effects on growth and morphology. 

It has been shown that changes in the rate of metabolic detoxification of sulfonylurea herbicides in com 
plants are induced by treatment with a variety of safeners [Sweetser. P. B., Proceedings of the 1985 British 
Crop Protection Society Conference, Weeds 3:1147-1153 1985]. The result of this accelerated metabolic 
detoxification is increased herbicide tolerance in safener-treated plants. For example, 2 to 5 fold increases 
25 in the metabolism rates of chlorsulfuron and metsulfuron methyl have been observed in wheat and com 
following application of the antidotes napthalic anhydride. N,N-diallyl-2,2-dichloroacetamide, or cyometnnil. 
This observed increase in sulfonylurea herbicide metabolism occurs within hours following antidote 
treatment. In addition, the safening activity of the chemicals Is not seen if plants are treated with the protein 
synthesis inhibitor cycloheximide prior to safener treatment, indicating that the increase in herbicide 
30 metabolism is dependant on de novo protein synthesis. This requirement for new protein syndesis 
indicates that safener treatment" may activate the transcription of specific nuclear genes, and that a 
safener/safener-induced gene promoter combination may exist that will have utility in regulating the 
expression of foreign genes introduced into transgenic plants. To date, however, there has been no reported 
example of an inducible expression system for transgenic plants based on activation of safener-responsive 
promoter/structural gene recombinant DNA construction by the external application of a safener or safener 
like compound. Indeed, no system with real utility for externally regulating the expression of a desired gene 
in transgenic plants that is compatible with current agronomic practices is known. 

The instant invention focuses on DNA promoter fragments derived from several plant species which are 
inducible by herbicide safeners of cereal crops. These promoters have been used to develop a 
safener/safener inducible gene system for controlling the expression of foreign genes in transformed plants. 
This system has utility for externally regulating the expression of desired genes in transgenic plants in a 
grower's field. Its advantages include the high level of activity shown by several of these promoters in 
response to application of an appropriate inducing chemical, the apparent expression of these promoters in 
all plant tissues tested to date, and the absence of pleiotropic effects generated by treatment of plants with 

the8 B£Trt?' [Ebert et al., Proc. Natl. Acad. Sci. (USA) 84:5745-5749 1987], discloses studies of the 
active fragment of DNA containing the nopaline synthase promoter. This promoter is constitutive rather than 
inducible, and while of bacterial origin, operates in a wide range of plant tissues. A construction was made 
so that me promoter controlled the expression of the reporter gene chloramphenicol acetyl transferase 
(CAT). The authors reported that a fragment of 33 bp (-97 to -130) of DNA was sufficient to promote 
expression of the CAT gene. They reported further that the presence of two copies of the fragment tripled 
the expression of the CAT gene. These results from stably transformed tobacco tissue were repeatable m 3 
transient assay using tobacco protoplasts. Comparison of the level of CAT activity obtained when gene 
expression was controlled by the 33 bp fragment in both the transient expression and stably transformed 
tobacco protoplasts and tissues resulted in some differences. The authors nevertheless indicated their belief 
that such transient assays are valuable for studies of promoter sequences in stable transformation systems. 
Operable linkage of the nopaline synthase promoter to a structural g ne. however results in constrturtive 
expression of the gene product in transformed plants precluding its use in externally controlling gene 
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Marcotte and Quatrano [J. Cellular Biochem. Supplement 12C, 1988; Marcotte, W. R„ Bayley, C. C, 
and Quatrano. R. S., Nature 335, 454-457 (1988)] have reported Initial results of studies of the inducibility of 
a chimeric gene whose transcription is driven by promoter fragments derived from two abscisic acid (ABA)- 
inducible genes (Em and a 7S globulin) from wheat The products of these genes were shown to be 

5 induced in whole plants by addition of ABA. The induction was shown to be, at least in part, at the level of 
transcription. Promoter fragments of varying lengths from the 5' region an Em genomic clone were 
translationally fused to a bacteria) ^-glucuronidase (GUS) coding region that was linked to polyadenylation 
signals from the CaMV 35S transcript The ABA inducibility of GUS activity using these different length 
promoter fragments was analyzed in transient expression assays using both monocot (rice) and dicot 

io (tobacco) protoplasts. They demonstrated that regions upstream of the Em coding region (650 bp) and the 
7S globulin coding region (1800 bp) contain sequences that are sufficient for ABA-regulated expression of 
GUS activity in rice protoplasts transient assays. The Em promoter failed to show any responsiveness in the 
dicot transient expression assay, indicating that the promoter may not function in dicot plant species. 
However, as sdiscussed in detail in an earlier section of this work, the induction of undesirable pleiotropic 

is effects resulting from application of phytohormones (including ABA) to whole plants in the field precludes 
the use of these compounds in regulating gene expression in transformed plants. 

A patent was issued in Europe to De Danske Sukkerfab A/B [CC87-1 06623] that claims a method to 
improve the nitrogen fixing system of leguminous plants by controlling, the expression of genes of interest 
with a promoter from a root/ nodule specific gene. Specifically, the inventors demonstrated that a 

20 chloramphenicol acetyltransferase (CAT) gene driven by the promoter derived from a soybean 
(eghemoglobin gene was inducible in the roots of transformed plants in a fashion similar to other root 
specific genes that are affected by noduiation. The method is severely limited in that induction of genes is 
limited to simulation by noduiation and the induction is root specific. It cannot provide a true means to 
externally control the expression of genes at any time in ail tissues of field grown transformed plants. 

25 To date, there are no reports of practical means to externally regulate the expression of foreign genes 
in transgenic plants using a method compatible with those used in normal agronomic practices. While 
reports of plant promoter sequences stimulated by light, heat, anaerobic stress, and phytohormones have 
appeared, no disclosures of specific inducible promoters that are responsive to chemical substances that 
might constitute the basis for a practical method to control gene expression in plants by application of the 

30 chemical in the field have appeared. At this time, a clear need exists for such promoter sequences to be 
used in recombinant DNA constructions that would enable one to externally control the expression of genes 
that can confer agronomic advantages if expressed at the proper time. Further, this specificity of expression 
should be amenable to external control through exposure of plants to chemical substances which can be 
readily applied by a variety of application methods and which only induce the expression of the desired 

35 target gene. 



SUMMARY OF THE INVENTION 



A practical means to control the expression of selected genes in transformed plants and plant tissues 
by the application of a chemical substance has been discovered. The present invention provides nucleic 
acid promoter fragments and downstream sequences derived from com, tobacco and petunia genes whose 
expression are responsive to a number of substituted benzenesulfonamides, and other compounds. These 
45 nucleic acid promoter fragments have been incorporated into recombinant ONA constructs containing a 
structural gene of non-plant origin. Transformation of plants with such constructions demonstrate that the 
expression level of the structural gene is regulated by chemical treatment. Specifically, one aspect of the 
present invention is a nucleic acid promoter fragment inducible by a compound of Formula MX: 
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wherein 

X is H, F, CI. Br CF 3 , or C1-C2 alkyl; 

X* is H. F, CI, C1-C2 alkyl. SO2NFVR 2 or CCfcR 1 ; 

Y is H, CI or S0 2 NR 1 R 2 , C0 2 R\ NCfc, FfOXQR 1 )*; 

R is H, Ci-Cs alkyl, C 3 -Ce cycloalkyl, benzyl or C 2 -C« haloalkyl or C 2 -C* substituted with C1-C2 alkoxy or 
C1-C2 alkylthio; 
R} is C1-C3 alkyl; 
R 2 is Ct-C 3 alkyl; 
R 3 is C0 2 R2; 

R* is Ci-C6 alkyl or C 3 -Cs cycloalkyl; 
R 5 is C1-C3 alkoxy or NR 6 R 7 ; 

R 6 is H t OCH3. Ci-C* alkyl, C 3 -Cg cycloalkyl, C1-C* alkyl substituted with C1-C2 alkoxy or ethoxyethoxy; 
and 

R 7 isHorCi-C2 alkyl; 

and agriculturally suitable salts thereof such that exposure of plants transformed with said promoter 
fragment to a compound of Formula MX causes increased expression of a DNA sequence coding for a 
selected gene product operabfy linked to said promoter fragment. 

Preferred nucleic acid promoter fragments are obtained from plants, while more preferred nucleic acid 
promoter fragments are obtained from monocotyledenous plants including com, oats, millet wheat, straw, 
barley, sorghum, amaranth, onion, asparagus and sugar cane; and from dicotyledonous plant selected from 
the group consisting of alfalfa, soybean, petunia, cotton, sugarbeet, sunflower, carrot, celery, cabbage, 
cucumber, pepper, canola, tomato, potato, lentil, flax, broccoli, tobacco, bean, lettuce, oilseed rape, 
cauliflower, spinach, brussel sprout, artichoke, pea, okra, squash, kale, collard greens, tea and coffee. Most 
preferred are nucleic acid promoter fragments obtained from com, specifically those homologous to cDNA 
clones 2-1. 2-2, and 5-2. 

Preferred compounds by virtu of activity or ease of synthesis are compounds of Formula I wherein: 
X is H or 2-CI; 

Y is 3-CI or S02N(CH 3 )2; 

R is H, Ct-Cc aJkyl or Cs-Ce cycloalkyl; and 
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compounds of Formula II wherein: 
R is Ct-C* alkyl or Cs-Ce cycloalkyl; 
R4 is Ct-C* alkyl; and 
compounds of Formula HI wherein: 
Rs is OCH3 or NR 6 R7; 
Rs is H or C1-C4 alkyl; and 
R 7 is H. 

More preferred for use with recombinant DNA constructions whose expression is regulated by a 2-1 
promoter are the compounds N-(aminocarbonyl)-2-chloroben2enesulfonamide, 2-chloro-N- 
(methylaminocarbonyObenzenesulfonamide, 1 -(n-buty IK^methylsulfonylurea, 1 -cyclohexyl-3- 

(methylsunfonyl)urea, diethyl ([2-(buty laminocarbonyljaminosuifonyllphenylllphosphonate, methyl 1 -[- 
(aminocarbonyl)aminosuifonyl]benzoate, 2,3<iichlorc>-N-[(cyclopentyiamino)carbonylIben2enesutfonamide, 
and N-(aminocarbonyl)-2 f 3-dich!oroben2enesulfonamide. Most preferred is N-(aminocarbonyl)-2-chloroben- 
zenesulfonamide. 

More preferred for use with recombinant DNA constructions whose expression is regulated by a 2-2 
promoter are the compounds diethyl [[2-(butylaminocarbonyl)aminosuifonyl]phenyl]phosphonate, N'-[2-(n- 
butylaminocarbonyl) }-6-chloro-N,N-dimethyl-1 ,2-benzenedisulfonamide, N-isopropylcarbamoylbenzenesul- 
fonamide, 2-chloro-N-(methylaminocarbonyl)benzenesuifonamide, 2,5-dichloroacetanilide, N- 
(aminocarbonyl)-2-chlorobenzenesulfonamide, and 1-cyclohexyi-3-(methylsu(fonylurea. Most preferred is 
diethyl [[2-[(buty!aminocarbonyl)aminosulfonyI]phenylJ3phosphate. 

More preferred for use with recombinant DNA constructions whose expression is regulated by a 5*2 
promoter are the compounds 2-chioro-N-(methylaminocarbonyi)benzenesulfonamide, l-(n-butyi)»3-methyl- 
sulfonylurea, methyl 2-[(aminocarbonyl)aminosutfonyl]benzoate, N-isopropylcarbamoylbenzenesutfonamide, 
N-(aminocarbonyl)-2-chlorobenzenesuifonamtde and N -[2-(n-butylaminocarbonyl)]-6-chloro-N,N-dimethyl- 
1 ,2-benzenedisulfonamide. Most preferred is 2-chloro-N-(methylaminocarbonyl)benzenesulfonamide. 

Another aspect of this invention involves a nucleic acid promoter fragment comprising a nucleotide 
sequence from the 5' flanking promoter regions of genes substantially homologous to specific cDNA clones, 
such that exposure of plants transformed with said promoter fragment to a compound of Formula l-IX 
causes increased expression of DNA sequence coding for selected gene products operably linked on the 3 
end to said promoter fragment. Preferred genes are those from corn homologous to cDNA clones 2-1 , 2-2, 
218 or 5-2; those from petunia homologous to cDNA clone P6.1; and those from tobacco homologous to 
cDNA clone T2.1 . Most preferred as a nucleic acid promoter fragment for the regulation of expression of 
DNA sequences for selected gene products upon exposure to a compound of Formula l-IX are those 
derived from the com 2-2 gene. 

Another aspect of the instant invention involves a recombinant DNA construct, capable of transforming a 
plant, comprising a nucleic acid promoter fragment of the invention, a DNA sequence coding for a selected 
gene product operably linked to said promoter fragment, and a suitable 3' downstream region such that 
exposure of said transformed plant to a compound of Formula l-IX causes increased expression of said 
DNA sequence for a selected gene product- Preferred DNA sequences for selected gene products are 
those encoding for jS-giucuronidase, genes encoding herbicide resistance such as mutant acetolactate 
synthase and 5-enolpyruvylsktkimate-3-phosphate synthase, genes encoding insect resistance, genes 
encoding protease inhibitors, genes encoding Bacillus thuringiensis insecticidat endotoxins, genes encod- 
ing phytohormone biosynthetic enzymes, genes encoding ethylene biosynthetic enzymes, genes encoding 
auxin biosynthetic enzymes, genes encoding cytokinin biosynthetic enzymes, genes encoding giberellin 
biosynthetic enzymes, genes encoding chitinases, genes encoding biosynthetic enzymes for oil production, 
genes encoding restriction endonucleases, genes encoding starch biosynthesis and/or degradation en- 
zymes, genes encoding male sterility/fertility phenotype and genes encoding transposors and/or tran- 
sposessors. 

Yet another aspect of the invention involves plants transformed with a recombinant DNA construct of the 
invention such that exposure of said transgenic plant to a compound of Formula f-PX causes increased 
expression of a DNA sequence coding for a selected gene product operably linked 3 to said promoter 
fragment The seeds of such transgenic plants are also envisioned as embodiments of the invention. 

A final aspect of the invention involves a method of causing increased expression of a selected gene 
product in a plant comprising the steps of (a) transforming said plant with a recombinant DNA construct 
described above, (b) exposing the transgenic plant to a compound of Formula UX, and (c) causing said 
transgenic plant to increase expression of said selected gene product at a desired time. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows the major steps used in one preferred embodiment of the invention, 
s Figure 2 shows the nucleotide sequence of the 2-1 gene promoter from the gene designated as 

21.14. 

Figure 3 depicts the creation of plasmids pJE481-1(Nco I) and pJE484-62(Xba I) from the 21.14 corn 

gene. 

Figure 4 shows subcloning of the 2-2 gene designated 2-2 #4 and the nucleotide sequence of the 
10 promoter from the 2-2 #4 gene. 

Figure 5 shows the nucleotide sequence of the 5-2 gene promoter from the gene designated as 
52.411. 

Figure 6 depicts the creation of plasmid PMC75J5 from the 5-2 com gene. 

Figure 7 shows the nucleotide sequence of the 218 gene promoter. 
75 Figure 8 shows the nucleotide sequence and transcription start site of the petunia P6 gene 1 

promoter from the gene designated as P6.1. 

Figure 9 depicts the creation of plasmid P614 and P654. 

Figure 10 depicts the creation of plasmid T217. 

Figure 11 depicts the creation of plasmid pJE516. 
20 Figure 12 depicts the creation of plasmid pHPH220. 

Figure 13 depicts the creation of plasmids pTDSl30 and PTDS133. 

Figure 14 depicts the creation of plasmid pTDS134. 

Figure 15 depicts the creation of plasmid pTDS231. 

Figure 16 shows the nucleotide sequence of the 21.14 gene promoter indicating the positions of 
25 deletions made in the promoter. 

Figure 17 depicts the creation of plasmid pMC715.83. 

Figure 18 depicts the creation of plasmid pMC7113. 

Figure 19 depicts the creation of plasmids P655, P657 and P658. 

Figure 20 depicts the creation of plasmid P660. 
30 Figure 21 shows the nucleotide sequence of the 443 promoter. 

Figure 22 shows the nucleotide sequence of the 463 promoter. 

Figure 23 shows the nucleotide sequence of the 478 promoter. 

Figure 24 shows the nucleotide sequence of the 420 promoter. 

Figure 25 depicts the creation of plasmid P627. 
35 Figure 26 shows the results of RNAse protection analysis that demonstrates N-(aminocarbonyl)-2- 

chlorobenzenesulfonamide induction of the P6.1 gene in transgenic tobacco. 

Figure 27 depicts the creation of plasmids P656. P661, P662 and P663. 

Figure 28 depicts the creation of plasmid pJE518 and pJE519. 

40 DETAILED DESCRIPTION OF THE INVENTION 



The present invention provides DNA promoter fragments that are useful in bringing the expression of 
DNA sequence coding for selected gene products under the control of externally applied chemicals in 

45 transgenic plants. The promoter fragments described in this invention are derived from genes of corn, 
tobacco, and petunia that were found to be strongly inducible by a number of substituted benzene 
sulfonamides and weakly by several commercial herbicide antidotes. Expression of the gene product is 
obtained by treatment of the transgenic plant with a suitable inducing compound. 

To accomplish the invention, cDNA libraries were made using RNA from the roots of plants treated 

so hydroponically with the chemical N-(aminocarbonyl)-2-chIoroben2enesuffonamide t a compound of formula I 
wherein X is H, Y is CI, and R is H. Libraries were differentially screened using a strategy designed to 
identify clones representing mRNA species whose steady-state levels rise following treatment with this 
compound. These cDNAS were then characterized and used as hybridization probes to isolate the gene(s) 
encoding the induced RNAs from appropriate libraries of plant genomic DNA. Comparison of the nucleotide 

55 sequences derived for the cDNAS and their corresponding genomic clones permitted identification of 
putative promoter, structural gene, and 3' downstream regions for each gene. The DNA fragments 
comprising the promoter regions from these genes were isolated and operably linked to foreign coding 
regions to create novel chemically inducible genes. Suitable 3' downstream regions containing polyadenyla- 



11 



EP 0 388 186 A1 



10 



15 



20 



25 



inducible recombinant genes. These g nes were man u-n tissues trans- 

As genes from three divergent plant JP**jJ^J" of p , a nt species will possess promoters 

number of compounds of ml- »£ « Therefore, it is expected that the -nvenhon 
responsive to selected members of these classes otcnemsuy ^ ^ derived from other 

promoters disclosed in .is wo. may bj £*; ^^^^1^ 
characteristics. It is expected that a ^™^™Z^oTmx promoter. This fragment may be 
promoter that is responsible for the ^^^SL recombinant promoters whose expression 
combined with suitable regions compounds of Formulae l-IX. For exampe 

,evel can be increased in transformed ^ l JLj^J^ f F{gu £ 4 that appears to be necessary for 
the 77 bp fragment correspondmg to bases 264 «~*»wrg seed . spe cific promoters such as the 
chemical'esponsiveness in the 2-2 V^™^^?^** ch'emical.y inducible and active 
A-conglycinin or phaseolin promoters to chimeric by ligating a DNA 

only in developing seeds. Similarly, any numbe of ch^nenc clajmed nere t0 constitute 

fragment sufficient to confer cheoucal .ndoc.b.Wy JJJJ^. J romot ers. deve.opmenta.ly-regu.ated 

response to chemical treatment possible variations of said promoters such as 

Sarsrys ststssm^ — — - — 

mosaic virus transcripts, etc. Mnah te of Droviding a polyadenylation signal and other 

It is believed that any 3 downstream region «^*J2™ andVocessing of a mRNA may be 
regulatory sequences that may »*^^%£SE£^ This would include the native 
operably linked to the 3 end of a struct** J*V^SS3udble promoter itself was derived, the 3 end 
3 end of the homologous gene from which the chem.cary inouc. h , from ^ genes such 

Lm a heterologous gene encoding the same protein n another spec.es. tne j sjs 
2 * HE! thelss or the 198 ^R^of S^nl - the 3 end sequences 
,0 genes of Agrobacterium temeteciens ? J^S proTde tee necessary regulatory information whh,n , s 

sraTS^srnrr srssi- - * — — to 

^rSSS- - sfte tor each ^^^^ 
* detained for all promoters the numbers for n^Weposrtonj ,n tee ATG codon that initiates 

" Sections are based up^^her^ W^IE ^ ^moter fragment or assignment* 
translation of the protein encoded by that ^gene as nu*eouo 1 fesi(Jue are numbered 

the actual transcription start arte "J^^LSS the DNA sequence between *e teanscnpton 
sequentially starting with -1. ft .s " nd ^^ n ^^Wslation start site. i.e. the region compnsmg the 5 
so sSt site in each of these P«^*2£5 £ Scenes, can be replaced by other 5 untranslated 
untranslated leaders of the. SeM^tm ^mresumgD^co^o^ 
teaders from other genes without affecting * em ^T ^ be utilized. As used herein, the terms 
in the context of this disclosure, a numbe ^ ^ f 1 * ^ upstream (5) to the cod.ng 

"promoter- and -promoter region" ^J^^LS^, tee ciding region by providing the 

SlZSS ZSSTM rS^uence of tee promoter region. « ac,d 
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refers to a large — — - £ ~ «£1 £TT SSfSSS 1^ 
(nucleotides) containing a sugar, phosphate ^f*"*J*"™ i<} ( ^A) IS involved in the translation of 
Sonucleic acid (DMA) Is the genetic ^^SSS^mSf refers to a polymer of DMA or 
L information from DMA into protems. The .term synthetic, non-natural or altered 

RNA which can be single- or T^fZ^"™*™*- "DNA sequence for 

nucleotide bases capable of inc ovrtnjl o DNAor RNA poly a RNA transcript "Suitable 

a selected gene product" refers to a ^ A ^ue^^cM upstream (5 ). withm, and/or 

regulatory sequence", as used herem. re ers to a nucleow e eq transcription and exp.ess.on » 

downstream (3) to a DNA ^ ue ^ fo ^^SunSon with the protein biosynthetic apparatus of 
controlled by the regulatory sequence PjJJJ^JJ^m the RNA polymerase catalyzed transcr.pt.on 
the cell. "RNA transcript" refers to the product resulting ; ro "\ of the DNA sequence and 

of a DNA sequence. The RNA transcript may be a perfect comp e« copy^ ^ posttransCptionat 
is referred to as the primary transcr.pt or .t may be an -Regulation" and "regulate" refer 

processing of the primary transcript and * ^.JS^JLA 'ocated primarily, but not 

to the modulation of gene express.on induced by DNA ^ resu it in an all or none 

exclusively upstream of (5 to) the ^^^^^t^S ^ expression. "Responsive" and 
response to a stimulation, or itmay result inj anatiorc « JJ^i 9 , Qf a regulated promoter or gene 
"response", as used herein, refer to the change n tne_ expres refers t0 ^ ^.on of a 

following the application of an environmen^^u^term sto^cto £ ^ ^ 
gene encoding a protein. ^P^ 8 ' ^e " e normally found in the cell or it may be one 
drive the initiation of transcription. A structural gene mayoe ^o tt IS terme d a heterologous 

not normally found in a cellular location where, , ed m w* ^ ^ ^ ^ 

gene. A heterologous gene may be de T d .^XSdNA. cDNA. or chemically synthesized DNA 
bacterial genome or episome. eukaryotic nuclea -or plasm* u. Qne or more , ntTOn s 

Tne structural gene may constitute an ^^^^neTi be a Jmposite of segments derived 
bounded by appropriate splice ^^^^ ^ TZ^eam region" (or "3 end-;) refers to 
from different sources, naturally occurring ^ 5 < sequence which drives the initiation of 

that portion of a gene comprising ^fT^ne con^n a polyadenylatlon signal and any other 
transcriotion and the structural portion of the gene. ™t w mam JzL^ The polyadenylatlon signal .s 
30 "uS signals capable of affecting mRNA Pr-^r Qene expression. ^ Y, ^ ^ ^ 

usually characterized by affecting the >d ^ , *^SCthe presence of homology to the canonical 
precursor. Po.yadenylation signals ™™™™^^™Z Z *™ "recombinant DNA construct" re ers 
form 5 -AATAAA-3 , although va " a *™^ or nucleotide sequence, linear or c.rcuter of 

to a ptasmid, virus, autonomously replication sequenc^ pnag a number of nucleotide 

35 a single-or double-stranded DNA or RNA ^^^"ction which is capable of introducmg a 
saauences have been joined or recombined into a unique iww appropriate 3 untranslated 

^motor fragment and DNA sequence for a selected gene ^«^™ p SJ^ tissues. "Plant- 
sequence into a plant cell. As used herem plaJM "Jj^*^ of plants . including, but not Kmrted to 
derived tissues" refers to differentiated and ^JJTw, vX» forms of cells in culture such as .ntact 
<o roots, shoots, leaves, pollen, ovules ^^^d tissues may be in planta or in organ, tissue or 
cells, protoplasts, embryos and ^^^^nSm whose seeds havrdnly-one cotyledon, or o^an 
cell culture. A "monocotyledonous P** «f * JJ^SSonou. plant" refers to a plant whose seeds have 
oTthTembryo that stores and f™** !^ ^JZT^t a cell wall or extracellular matmc As used 
two cotyledons. A "protoplast" refers to a plant ^™ ssue/ lant acqu i re properties encoded on a 
« herein, "transformation" means f K ^LS l Jl £ «lSue^ant "Transferring" refers to methods to 
nucleic acid molecule that has been transfened to »e ^ceura n membran e with vanous physical 

Snsfer DNA into cells including microinjection ZJT^S PK "treatments. As used herein, "exposure 
^g! electroporation) or chemical N^^S'Si ta*9, contacting said protoplas 
of" a protoplast or a plant to a chemical sub^ance refer s to tm an ng^ ^ ^ rf ^ fr ^ of 

so or plant with the substance. The term. , *^J^j££ km functional RNA. As used herem. the 
DNA in a proper orientation and reari.ng frame to J*^^7 udeotiae sequences of two nucleic aad 
°Z "homologous to" refers to the ^orot mSS. Smates of such homology ar 

moTecu.es or between ^^^^^^S^^r conditions of 
provided by the use of either DNA-DNA or DNA-flNA nyono N ucl ic Acid Hybnd.zat.on. 

sss sswwssf rsssr-s. t - — — — - - - 
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otter; as we., as to DNA protein coding sequences which ^^^Z^o "not 
change in the encoded amino acid^r ^^^^^1^, or this may refer to DNA 
affect the functional properties of the protein ' encoded Dy_ tne «m promoter fragments 

sequences invoived in regulating ^scnpton of a ^ Jlwjjhj^ nucl ^ d e bases derived 

described herein include molecules which «^SwSSS^eU of the promoter fragment so long as 
from deletion, rearrangement, and random or controlled ° * -Effective sequence" of a 

the DNA sequences of the promoter fragments sequence which encodes a 

DNA sequence coding, for a protein refers to a trun^ed vers™ of the DN 0 ^ ^ 

peptide which is at least partially functional with * the utnrty o * product from a 

-expression" as used herein is intended to mean codfng for the sequence 
gene coding for the sequence d Mhe ^^^^^-^ often a messenger RNA and. then, 
of gene product is first transcr.bed to a complementary RNA ^"Jf product if the gene 

^"transcribed messenger RNA is ^^J^^S^i ™ «*""■» 
product is a protein. Expression. wh.ch is constitutive and en " y , quantiti es of the 

Harbor Laboratory, Cold Spring Harbor, N. Y.. 1982). 



Enzymatic Treatments of DNA 
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Restriction Enzyme Digestions 

The restrict enzyme digesfion buyers X^S«2 S 

manufacturer of each ^^TSS^ ^^ wateT (usual.y 10-20 uD-The 

the reaction mixture was adjusted to the ■PW*"' "J ' 0? . 10 of pla s mi d DNA The reaction 
restriction enzyme reaction mixtures used routae* p^^ature for up to 2 hours, 

mixtures were mixed and then generally incubated **»JW^ n ^ 0 P ptjmal salt and temperature 
Digestion of DNA with multiple sufficiency different, 

conditions of the separate enzymes are ~"Pj* b, * e ™ « ™7equiring the lowest salt concentration. 

Gel Electrophoresis of DNA 

"po. poW»^ «- *-^^ M ^^^ TA »™» B T^^^» 
Bemeeda Reae«ct> Laboromdes. OaimerabW). «s% ecrylamide and 0.2* Hs-aeiylamkje 

gel mold. One mm comb and apace* >^ <"™»J* ^STtaTxraE. Me, alecmphmmfc me ool 
Lded pc, «* Bocbophoreais »ee « -Jo-* '^^.f^ end me DNA was *oa«zed on an 

M^l^^^y^^^^^^^Z^TL^ «as added and mo «*e was 
A„ aqo* .okanc ol a 0.5 M ammomum «WM». 1_ m»BDr »» commoged at 14.000 * 
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ael Dieces and the DNA in the sampl was precipttated by amnion or m icrofuge as above, for 15 

K'sw^rra'ssc**- - - - 

buffer of choice depending on the nature of the a gels using the buffer described 

described above. . nj temperature agarose. Sea Plaque 

SDNA was often recovered from agarose gels using lo« MBW * v electrophoresis 
Agarose from FMC Corporation. Marine Co.louJs Mtt. out ^ pteC ed into 

procedure was stated above. After v-uatobonof the DNA , f ^ interest me ^ ^ agaroSQ 

a microcentrifuge tube. The tube was ther ' f z «" ^as Sn^geT^ a Beckman TL-100 table-top 
was then smashed with a pestle and *® wmp ^ J^ t C ^TS )W d from the tube without disturbing 
uitracentrifuge at 25.000 rpm for 30 minutes. ^^Ta S P^pS^the addition of 1/10 volume 
the agarose pellet at the bottom of the tube. The sample J-JJJ'P minute incubat ion at -80 C. 

of 3 M sodium acetate p+ .6* and Mj*m- J^^JiSi at 4' C. The DNA pellet was then 
The DNA was recovered by centnfugation in a microiuge ' ■» 
washed with 70% ethanol. dried under vacuum and ^suspended in TE buffer. 



Plasmid Isolation and Purification 
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A 25 m. overnight culture (or exponentially growing c^ture) o 
p.asm.d was prepared. Two m. of *»^Z^uZ£TttT, CoW sjnng Harbor Uboratory. 
described in Molecular Coning: A Laboratory ^^Jj J ^ c Rigorous shaking using 
Cold Spring Harbor. NY) and incubated for 16 JJJS" ~ n trifugation at 4000xg [5500 rpm] in a 
appropriate antibiotic selection. The bactena were collected ^ volume of 36 ml of 

Sa rotor] for 5 min at 4*C The peltete were dranedwe ■ , ^ of 40 mg/ml lys02 yme 

GTE buffer (50 mM glucose. 25 mM TRIS-HCI, jpH. B and 10 nm temperature for ten minutes, 

were added to the bacterial suspension and the ^J 1 ^ N NaOH and 1 % SDS] were added 
The cell suspension was cooled on .ce and ^^^ZTm on ice for 10 minutes 40 ml of 3 M 
with gentle swirling to lyse bacteria^ Jen incubated on ice for 15 minutes, 

potassium acetate in 2 M acetic ^™J^* £tZ k rprM for 15 minutes and the supernatant 
The precipitate was removed by centnfugation at 24000g addition of 0.6 volumes of 

was filtered through 4-5 layers ^^ to *^^S^^ P SSo U for 10 minutes at 15* C 
isopropanol. The resulting ^P«^^S bSeT) and the DNA was re-centrifuged as 
in a GSA rotor. The pellet was washed wrth 70% *h an* Jit t ^ ^ dissolved 4.4 g of 

before. The nucleic acid pellet «^^JT 3 ff c ^ ml of eWdium bromide (EtBr) was added to 
CsCI were added to the solution. £^12 The plasmid DNA was banded by 

the solution from a 10 mg/ml stock ( fl "^ s ^^ k n m l 6 ° 0 ^Tmtor. T^e gradient generally contained 
centrifugation at 65.000 rpm for at least 15 hr in a B**n» ™ " the two upper bands did absorb the 
Lee bands. The lowest MM l» <M» .JSS^^oJfU. barely visible. The 
dye. The less dense top band wh.ch corresponds ^ h ™ 0 ^ was removed fr0 m the gradient by 
plasmid band, which was the lower of toe Efflr abso *'"9 ^ and dravving ^ DNA out of the 
puncturing the side of ^J^^S^^ ^ X with Nad saturated 2-propanoK This was 
tube. The EtBr w* » removed by rcpeatec « mM EDTA and 10 ml of 5 M NaC. to 80 ml of 2- 
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tuoe. me cidi woo — " ' ' - up, nH ao 1 mM EDTA and 10 mi or o wi ^ — - - 

stored at -20" C. 
Biological Material Deposits 



15 



EP 0 368 186 A1 



Type Cultur Collection. 12301 Parktawn Drive, Rockville, Maryland 20852, and have been given the 
following ATCC accession designations: 



ITEM 


DATE 


ATCC 






ACCESSION 


plasmid pln2-2-3 in E. coli strain HB101 


9/27/88 


67803 


plasmid pln5-2.32 in E. coli strain HB101 


9/27/88 


67804 


plasmid pln2-1.12A inE. coli strain HB101 


9/27/88 


67805 


plasmid pMSP r K in E. coli strain HB101 


6/08/88 


67723 


plasmid T2.1 in E. coli JM83 


10/11/88 


67822 


plasmid P6.1 in E. coli JM83 


10/11/88 


67823 


plasmid pJJ3431 in E. coli JM83 


2/03/89 


67884 









The present invention is further defined in the following EXAMPLES, in which all parts and percentages 
are by weight and degrees are Celsius, unless otherwise stated. It should be understood that these 
EXAMPLES, while indicating preferred embodiments of the invention, are given by way of illustration only. 
Front the above discussion and these EXAMPLES, one skilled in the art can ascertain the essential 
characteristics of this invention, and without departing from the spirit and scope thereof, can make various 
changes and modifications of the invention to adapt it to various usages and conditions. Further, the present 
invention is not to be limited in scope by the biological materials deposited, since the deposited materials 
are intended to provide illustrations of starting materials from which many embodiments of the invention 
may be derived. All such modifications are intended to fall within the scope of the appended claims. 



EXAMPLE 1 
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Identification, Isolation and Modification of the Promoter and 3 Downstream Regions of the 21.14 Corn 2-1 
Gene 



Growth and Chemical Treatment of Plants 

Missouri 17 corn seeds were surface sterilized by soaking them in a solution of 10% commercial bleach 
and 0.1% sodium dodecyisulfate (SDS) for 30 minutes. Seeds were then rinsed thoroughly in a buchner 
funnel with sterile distilled water and prepared for germination by placing them onto 5-6 layers of moist 

40 sterile paper towels in a 8" x 10" glass baking tray. The tray was covered with aluminum foil and placed in 
the dark in a 30 *C incubator for 48-72 hours to allow the seeds to germinate. After germination, seedlings 
were grown hydroponically in an apparatus consisting of a sheet of 8 mesh stainless steel wire gauze 
suspended over the top of a 2 liter glass beaker filled with sterile half strength Hoagland*s solution (referred 
to 0.5X Hoagland's) so that the roots extended through the mesh and into the media. The hydroponic 

45 apparatus was aerated by introducing humidified air into the bottom of the beaker with a gas diffusing stone 
commonly used in tropical fish aquariums. The apparatus was covered with a loose-fitting sheet of 
aluminum foil and placed in a reach-in growth chamber illuminated by both fluorescent and incandescent 
lamps at an intensity of 4400 lux. Seedlings were grown at 28* C, 75% relative humidity using a 16 hour 
day/8 hour night cycle. After two days, the foil was removed and plants were grown for an additional 5-6 

50 days. Any 0.5X Hoagland's lost to evaporation was replenished every 2^3 days. On the tenth day, plants 
were transferred into either fresh 0.5X Hoagland's for untreated plants. 0.5X Hoagland's containing 0.2 
g/liter of 2-chlorobenzenesulfonamide for chemically treated control plants, or 0.5X Hoagland's containing 
0.2 g/liter of N-(aminocarbonyi)-2-chlorobenzenesulfonamide for chemically treated plants. Plants were then 
allowed to grow for six additional hours prior to harvest 

55 Roots were harvested from hydroponically grown plants by removing the wire mesh from the beakers 
with the com plants still intact. The roots were cut from the plants just below where they were immersed in 
growth media and 10-15 g portions of root tissue were wrapped in aluminum foil and immersed in liquid 
nitrogen. Frozen tissue was transferred from liquid N2 to a -80 * C freezer where it was stored for up to one 



16 



EP 0 388 186 A1 



year before use 

isolation of Total Cellular RNA From Root Tissue 
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I WWUWi wi ■ ~ — — — 

" Guanine thiocyanate reagent was ^^Z^SSi — iZSA S-T 

thiocyanate (Kodak Laboratory f,^^H 7 6 The solorion was stirred until the contents of 

until used. . . . ha fln V freezer and transferred to liquid nitrogen. 

Frozen root tissue sampies were removed from jh. * Ct£»r « ^ ^ ^ ^ had 

Once cooled to liquid N 2 temperature 10-1^ ^* ^ to a fine powder. The powdered tissue was 
been pre-cooled with liquid nitrogen and ^s^ewas ground to a p» q< ice cold gua nid.ne 

men transferred to a 150 ml Com** centrifuge ^^"f ^ ^ e (Amencan Scientific Products 
thiocyanate reagent 0.5 ml of WJ. 0.2 * J^^*, ribonucleoside complex (Bethesda Research 
McGaw Park, IL 60085. CAT # B "^''^t # iSs^ The tissue was then ground further by v.gorous 
Laboratories. Qaithersburg. MD 20877. CAT * J^^JJJJ for one minute at maximum speed. The 
homogenization with a PT-10/35 polytron J r « n f ^ m ^ 8 at 4 - C . The supernatant was decanted 
crude tissue extract was then centnfuged at CT.0O0g ^ 1 °T£f supema tant. The solution was then 
into a graduated cylinder and 1 g of CsCI ^was added ^J*U ^ , ayered over 2 ml pads of 
centnfuged at 36.000g te lO — * * J»JJ» fSJSufc-wMtao. tubes. The resulting step 
5.7 M CsCI (in 100 mM EDTA pH 7.6) m 9/16 x 3-1/2 p«y» ^ SW41T| rQtor or e^ent. 

gradient was centrifuged at 35.000 rpm for 15 -2C I hr at 10 C uang ^ ^ ^ ^ WQre 

Following ultracentrifugation ^*»^J?%fiZZZ tops of the tubes were cut off us.ng a 
inverted and allowed to drain well. With 5 cm containing the RNA pellets. The sides were 

razor blade and discarded, saving only the bottom 1 were dissolved in 0.2 ml of TES buffer 
Srefully wiped clean with a labroatory *ssue wipe Z?£Z£n*toT\S ml Corex® centrifuge tube. The 
(tO mM TR^C< PH 7.4. 5 mM EDTA 1% -SOS) «-^jK3 Siquot oTtES and then the two aliquots 
Lorn of each po.yal.omar tube was rinsed «* a ^ nd °f o| ^ J, chlorofo rm:n-butanol (4:1 v/v) and 
were combined. The RNA was combmed J^S^awig for 5 min. at 20* C or at high speed ma 
vortexed briefly. The resulting emuls.on was centnfuged at 8,ou g ^ tQ a fresn 15 ml Corex® 

clinical table-top centrifuge for 10 ^^^^T equal volume of TES. and the two aqueous 
centrifuge tube, the organic phase rZSTSTVS^ after adding a tenth volume of 3* M 
layers were pooled. RNA was preciprtated at -20 C tor a recovered b y centrifugation at I0,000g 
Sm acetate pH 6.0 and ^'^^^^^^Jr^e RNA was dissolved inO* ml of 
lor 20 min. at 4* C. The supematant ^ ~*J»J* was dUuted 10 0 fold with water and the A^o of 

Isolation of poly(A)* RNA 

^ (A)' RNA was purified from 5 mg 
Sephadex* All buffers were sterilized by a "kMI prior to use^ <ota ^ RNA ^ 

uSmtwith low salt poly-U buffer (20 «*»JJ*** ao im MJED ^ g NaC 

denatured by heating at 65' C for 5 m.nutes Stowed by JJ^w onto a water jacketed column (B,o- 
edded to a final concentration of 1K> mM and ^J^JTSt^I) containing 2 g of poly U-Sephadex 
Sad, 1414 Harbour Way South. fb^n^u ibrated with high saH poly U buffer 

(Bethesda Research oratories CAT # M418B) ** ««3J JJ Cl) . The column was manned at - 
20 mM Tris-CI. P H 8.0. 1 mM EDTA, 0.1 \^DS and! «J washed once with 6-7 ml of 

temperature of 25-30* C with a circulating water ^^ u ^"™ leased to 40* C and it was washed 
nTh^Tpoly-U buffer. The running temperature c^umn ^"^J^ was then added to the 
3*3» *7 m, of high salt poly-U ^Sevenm. oHow satt poJU^ ^ 
cSumn and the temperature was rased to60 ^^ wa ^ ng e|uted ^ collected in 0.5 ml fractons. 
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Construction ot cmw «, 

CONA was synthesized fro. 5 H ^'^^^^^^^^s^- 
RNA using a cDNA synthesis ■ * ^ e ^2on^ <I dTble-stranded (ds) cDNA synthesized 
mended protocol was followed ™ d ^ < ^ r ^ durmg the first and second strand syndesis 

was calculated from the amount ol [l^ f ™ "™ J" fwas then estimated from its mobility dunng 
reactions. The average size of the cDNA ^^S^olTindrtiO of cDNA was then calculated. 
SSophoresis in alkaline agarose gels The average ^ u ^ r ^ ^ by centrifugation for 10 minutes" at 
ThTdoibie-stranded cDNA was ^'^^m^sS^HaO. 250 uCi of PH] dCTP in 50% 
4' C. The DNA pellet was bnefly dned ""^^"^.^^uo One microgram of ds cDNA in a volume 
ethanol was added to a 1.5 ml l"^ u f oFaSng bu^er (2.1 mM /J-mercaptoethanoL 100 

of 7 ul was transferred into this tube, followed by 25 W ot ; ixia. 9 q{ termjna , deox . 

n^l BSA, 3.5 mM MnCh ^» ^jjSlSS^^iil minutes. The taiUng reaction 
ynucleotidyl transferase was added and the tube ™ d (he ^ was pla ced on ice. The C- 

las stopped by addition of EDTA toa ' ""^^^^ of^eno.:ch to roform (1:v/v) and purified 
tailed reaction products were extracted once wrthj ^ " performed by plugging the bottom of 

by spun-column chromatography. Spun column ^^STI^m^ 6-50 that was equilibrated in 
a 1 ml disposable syringe with sterile glass woo. and ^9 ^ ^ into a de-capped 1.5 m 

STE buffer (TE. P H 8.0 containrng 100 mM NaCO-Jh e^syrtnge ^ column was centrifuged at 

microfuge tube placed in the bottom of 15 m I Corex® c^tmug ^ ^ added and the 

1600g for 4 minutes in a bench top cl.mcal j^dbed volume of 0.9 ml was obtained. Two 

column was spun again. This process ^S^^'SJl?*. syringe was centrifuged as above 
rinses of the column were ^ d ^*°^ , 0 l S ie coTmn in a volume of 0.1 ml in STE buffer and 
between each rinse. DNA samples were loaded onra ine co abovB . The DNA was recovered by 

^.umn was centrifuged in a decapped microfuge tube as described & number of dC residues 

collecting the effluent in a microfuge tube and I stonng rt * pH] dCTP int0 ^ cD NA 

SSpera'endofcDNA^^ U (New England Nuclear 

Equilimolar amounts C-tailed ds <^"*Jfi. ™ AT# P NEE ., 1 8 ) were mixed together .n 0.1 M NaCI. 
Research Products. 549 Albany St Bo*on. MA ^J 1 « ^ T ^ nan > 0 u , me DNA in *e mixture was 
10 mM Tris-HCI. pH 7.8. and 1 mM EDTA n volume , o then turned off and the 

Inneated by first heating it to 70* C for 10 minutes* a water mwed to a cold room and 
SxSe was allowed to slowly cool to transform competent E. coli HB101. 

s,ow-coo.ed to 4' C. Small ^£^J^JZ££ cu.ture of HB101 grown in LB bro* into 
Competent cells were prepared by diluting Oi . a ^ n ^ ng unti , it reac hed an Asso of 0.2- 

50 £ of the same media. ^ H ^*^ , K&%J Minutes atV C resuspended in 25 m. of 
0.5. Cells were then harvested by '£ 9 *°" * 2E £,? S wer e recovered by centrifugat.cn as above 
0 25 M CaCI* and kept on ice for 20 minutes. ^ 24 hours . 0 ne hundred microliter 

?esuspene?ed in 0.5 ml of 0.1 M ^^^Z^^C^ tubes, mixed with allots of 
aliquots of these competent cells were J^2SSS mSure was Incubated on ice for 15 minutes. The 
the annealing reaction from above and *«^f 3 ^^^, wrthout shaking. The cells were returned 
ceus were then heat shocked for 5 .minutes ir i a 37 C ^ were then grown for one hour * 

to the ice for 2 minutes before, additon were pla ted on LB plates which contained 
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Isolation of 2-l_ cDNA clones 



isoiaoon ui^ cr± r . R 

plates containing '« "g/ml « ^SfJS, E» filters on fresh LB plates containing M 

5s r^KTSSSff • » — - - - - — 

u.g/mi w / „niMA lihrarv. 



to as the master filters of the cDNA library 
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pair of filters were_ piacw together to transfer bacteria worn was 

alass my cont**9 3 *~» °> W""™" ^".S 1 ? .SlTol Wham*. 3MM paper sauraWl «* .0.5 N 
!1 m!Mm obMW* RNA from untreated corn roots, whiletne 0 *™* r fr N-(aminocarbonyl)-2- 

Sephadex® ^ ™ , d ^ ume was pooled and « u"«" dried in vacuo and 

Lml denatured calf thymus DNA. disC ardlng the hybridization buffer Jn each bag ana 

qcreenina of the library was accomplished by fl wear □ ng ma de from poly(A) RNA 

30 m. of ny^j^ 
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pi* was resuspended * 100 ^^^T^^^^ 
TRIS-HCI. pH 8.0) with 4 mg/mllysozyme gtfded to j buffer ^ N Na0H 1% 

minutes at room temperate. 200 mi « J^^/^y Ting the tube rapidly two or three ^flrnes- 
SDS) was added to the tube and the contents «wernixea y a Ice-cold solution of 

The tube was placed on ice for 5 minutes fol tewed by addfton c* ^ ^ ^ to 6Q m| of 5 

potassium acetate pH 4.8 (made by "»^£«££^t*» several times. After 5 minutes 
M potassium acetate). The contents were m,xed by «T«J8J! 4 ' c . The supernatant was transferred 
on ice. the tube was centrifuged for 5 m.nutes m a m ™<**T**" was added witn mixing. The resulting 
te a fresh tube and an equal volume of P^^Se andti ^ernatant was transferred to a fresh 
emulsion was centrifuged for 2 minutes .n [T^^SV^Zn mixed well. After 2 minutes a 
tube. Two volumes of ethanol were added and *e ™^«™ microce ntrifuge. The supematent 

oom temperature. DNA was collected by ^^^™ on ^ S paper towel to allow all of the fluid to 
was discarded and the tube was stood In an JET**^™^ » tub. was then recentrifuged. The 
drain away. The pellet was washed ^^'^JiflTm vacuo. Crude plasmid DNA was dissolved .n 
supernatant was discarded and the f 1,e ^f^^^TwSdesignated pin 2-1 . 
50 ul of TE pH 8.0. The plasmid contained wHhin ctone In 2 1 was g cornme rcial kit (Bethesda 

An aliquot of the ^JJ^S^^S^ suggested protoco,. The labeled DNA 
SSiWJSSS^ isolated during the 

« scree^^^ 

ch oTobenzenesulfonamide. A nitroceHulose ^ ionium acetate. The filter was then 

woe for 10 minutes in water, followed by a 10 minute soak Jn i m am SRC072/0). 
SaTed nto T Slot Blot apparatus (Schleicher and SchueU. Inc Keene ,vt MB 2 ^ nIoroben2enesu ,. 
2S Se ts ug samples of total RNA from -^Xo^zen^fSSnlde were diluted to a final 
fonamide. and roots treated with ^ mn ^^^l^ r (30 % formaldehyde. 100 mM sod.um 
Sume of 80 ul with sterile water. Forty* ° ^"fj^^were then incubated at 65* C for 20-30 
phosphate pH 6.8) were added to each ^'^.^f ^ J oH M ammonium acetate were added to 
minutes and quick-cooled in an ice slurry for ^ ce,, wit h the aid of a 10-15 mm Hg 

30 each sample and the 150 u. samptes ™J^£™£*m* ba£d for 2 hours at 70* C in yaojo 
vacuum. The filter was removed from the blottmg ceU. wan containing RNA from each of the 

The filter was cot into six pieces such ^^^^ incubated with 10 ml of prehybnd.zat.on 
three treatments described above. One of ^^^Z^o^re6 calf thymus .DNA. 20 ug/m. 
buffer (50% deionized ^em.de. 5X SS C 5X I D^hardts w ^.^^ bag for 6 hours a 42 C 
homopoly(A). 40 mM sodium phosphate pH 6.8 a^ 0 ^ ^ n i C k-translated pin 2-1. Th.s was 
with occasional mixing. The filter p.ece was then hybnoEeo facing it with 2.5 ml of 

StoSS by discarding the prehydridization ^lutic* ^^2£L calf thymus DNA 20 ug/m. 
hybridization buffer (50% deionized formamjd « . 25 x 10> cpm of nick translated 12-1 

homopo.y(A) and 40 mM ^J^Z^Z^SL by boiling for 10 minutes followed by 
plasmid described above. N.ck-translated ptesrmo was occasional mixing, 
ouick-coo.ing on ice. The filter was ; *enl J^^TX « room temperature for 10-15 ^nutes a 

chloroben^enesulfonamide^reated these* criteria. oDNA clone 2-1 was 

untreated plants and 2-chlorobenzenesulfonam.d^ti^ap^ 2 ^ lorobenzenesu Konamide. 
firmed as representing an -RNA mduced by ^"^J ^ ^ ^ ^ ^ te corre^ndmg 
Plasmid pin 2-1 was used as a prote m a no^ana.ys ^ N^amlrKJcarbonyO-2- 

mRNA. Two and a half ug of polyW RNA ^ ^ RNft RNA 

chlorobenzenesulfonamide-treated ?»£ * senate 1-5 ml microfuge tubes, evaporated to dryness 
molecular weight markers) were each ^™* > ?g % delonized formamide. 3% formaldehyde 5 mM 

SsSS - - -"3= - -- - - — — x - 
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oH 6 8, 3 % formaldehyde. . M Mm4Mum wftre cut from the gel with a razor blade and the 

PH 6 T?e lanes containing BMV molecular T^^Z^Zl hood essentiaiiy as described by 
remainder of the gel was Wotted ^ a "^m^brane m a ch«n was lnvert ed on a glass 

Thomas. P. S.. Proc. Natl. Acad. Sci. USA. ^TKOMHoe pww Saturated with 20X SSC. The glass 
J£e covered with two sheets of ^^^XmT^ SSctuch that the ends of the 3MM paper 
plate was place over the top of a ^ d.* filled wWv zox^ > shee t of Zeta-Probe nylon 

extended over the edge of the <^J% £*J£ fan 1 gel. prewet in water, then soaked for 
membrane (Bio-Rad L^oratones) was cut 0.5 cm arger n g & ^ ^ a sheet of 

several minutes in 20X SSC. The men* anewas lad on t P a ^ 2QX ssc 

Whatman 541 paper soaked in 20X SSC ^^JS sheets t0 draw buffer through the gel 
A 10 cm stack of paper towels was then jJ-J"* Jvemight at room temperature. The resulting RNA 
and RNA in the gel was transferred to fine ^jraneo^rn g o{ m samp ,e wel s of the gel 

Wot was then removed from the top of the ^^J^S^Sm baked for 2 hours at 70 C m vacuo. 
Native to the membrane. The filter was »<^^^^St*M. 1 ug/m. of EtBr for 1-2 hours 
The RNA molecular weight markers ^« ^^ jum acetate , 10 mM 0.mercaptoethanol for 2-3 

the 2-1 mRNAby its position in the same ^^norehvbridlzation buffer (50% deionized tormamide. 5X 
The RNA blot was prehybridized in Northern ^SnSmus DMA. 20 ug/ml homopoly A. 40 mM 
SSC 5X Denhardfs. 100 ug/ml boiled and ™ ni ^ ™[™*™ *" cm2 0 f blot in a heat-sealed bag. 
25 SumWate P H 6.8 and OS* BSA) «. ^^jL^Th. plasmid pin 2-1 was nick- 
Prehybridization was earned out for 6 hours i at 42 o^n & of 5 . 9 x 10 s cpm/ug of DN£ 

translated using a « - ^y^ization buffer (50% deionized «ormam,de. 5X 

Prehvdridization buffer was discarded and replaced wnr iny M sodiurn phosphate. P H 6.8) 

SSC 100 ug/ml denatured calf thymus DNA 20 u , of buffer/cm* of filter. 

SSain^g 2 x 10* cpm/m. of denatured "^anslatedjki 2V««C > 1° * washed ^ * roon . 

The blot was hybridized for 24 hours * « °J* ^ Tn^EDTA. 25 mM sodium phosphate. P H 
temperature for 10-15 minutes on a ^ker w,th 2X ^ washed ^ 30 minutes each 

6 8 1.5 mM sodium pyrophosphate ar id 0.5% SDS- This was in polye thylene food wrap and 

wtth 0 1X SSC and 0.5% SDS at 64 C. The filter was a* dne * wrapp* k p)ug intensifying screen . 
35 Cosed overnightto Kodak ^^"S'SfSS h the'slot blot experirnent.^, 
The Northern blot results ""t^^^JZ a single intense hybridization sign^ to an 850- 
hybridization was seen with untreatedcom r^t Rw^^^i'e 9 ^ 

900 nucleotide (nt) mRNA was seen wrth ^«™£!^*!e^g the plasmid to completion with Pst I and 
The size of the pin 2-1 cDNA insert was ««ly»dby <^*£ showe d that pin 2-1 insert was 

,o subjecting the digestion products to ^arose ge.^phoresis^ resu m9Ssage since Northern 

a 2Se 450 bp Pst « fragment. The f^ n ^ eve ^ e T 2-1 insert was sufficiently large to use 
analysis indicated a 2-1 mRNA size ^ofSSO-OOO Jj^«5~ ^ was still needed to determine the 
it as a orobe for genomic clone isolations. A nm jengin 
houndUs of the s^ctura. and '^^^^^^ 
4S A new cDNA library was ^ade from RNA '^'f^™ \ e proba biiity of obtaining full teng* cDNA 
seated com roots using a P ro ^ ur « ^"^^Teaction containing 60 ug/ml of poly(A) RNA 50 

so pyrophosphate, 0.4 mCi/ml (a*P] dCJP minutes. The single ^a" 0 ^* w ?* 

50 ^temperature for 5 minutes and *en M£d ^.^^ v/v) and chloroform followed by 

^L Sd strand was synthesized from 1 ug of fi ^^ d /o ^/m, BSA. 50 uM dNTPs. 0.1 mCi/m. 
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acetate in TE, pH 8.0. Fractions eluted from the column were collected and small aliquots of every second 
fraction were analyzed for cONA size distribution by electrophoresis in a 1.2 % alkaline agarose gel. ^P 
end-labeled Hind HI digestion fragments of pUCl8, pBR322 and SV40 were run in the gel as size markers. 
After electrophoresis, the DNA was fixed in the gel by soaking it in 15% TCA for 10-15 minutes. Excess 

5 liquid was removed from the gel by blotting to a stack of stacking weighted paper towels placed over the 
gel for 1-2 hours and the gel was then wrapped in polyethylene wrap and exposed to x-ray film. Column 
fractions containing cDNA greater than 500 bp in length were pooled, ethanol precipitated twice, and 
dissolved in 8.5 ul of water. 

Approximately 1-1.5 ug of cDNA was methylated at internal EcoRl sites by incubating it in 25 mM Tris- 

io HCI, pH 7.5. 1 mM EDTA, 2.5 mM DTT, 10 uM S-adenosylmethionine with 20 U of Eco Rl methylase per 
microgram of cDNA at 37 *C for 30 minutes. The methylase was inactivated by heating at 65 *C for 10 
minutes and the DNA was extracted with phenolxhloroform (1:1) and precipitated with ethanol. 

Eco Rl linkers were were ligated to the cDNA by incubation of 2 ug of ds cDNA with 7.5 ug of 
phosphorylated linkers in 66 mM Tris-HCl, pH 7.5, 5 mM MgCI 2 , 5 mM DTT, 1 mM ATP and 20 units of T4 

75 DNA ligase (New England Biolabs, inc., Beverly, MA 01915, CAT # 202). The reaction was incubated 
overnight at 15* C. The products of the linker ligation reaction were digested to completion with 500 units of 
Eco Rl for 4 hours at 37" C. The Eco Rl digestion mixture was applied to a 1 X 10 cm Bio-Gel® A 50m 
column and eluted with 0.3 M sodium acetate in TE, pH 8.0 to separate the cDNA from excess linkers and 
size fractionate the cDNA. Fractions were analyzed by alkaline agarose gel electrophoresis as described 

20 above and fractions containing cDNA greater than 600 bp were pooled and ethanol precipitated. The cDNA 
was resuspended in 100 ul of TE pH 8.0. The mass of cDNA was estimated by counting an aliquot of the 
the cDNA using the known specific activity of ^P dCTP used in the cDNA sysnthesis reactions. Aliquots of 
the cDNA were then ligated to Eco Rl digested and dephosphorylated lambda Xgt 11 arms (Stratagene, 
11099 North Torrey Pines Rd., LaJoila, CA 92037, CAT #200211) using ligation conditions described above. 

25 The ligation products were packaged with Gigapack Plus extracts (Stratagene) following the manufacturer's 
recommended protocol. The titer of the resulting phage library was determined using E. coli Y1090 as a 
host. 



30 Screening of Xgt 1 1 Library 

A 1.5 ml aliquot of an exponentially growing culture of E. coii Y1090 grown in NZC broth were diluted 
with 0.6 ml of SM buffer (0.01% gelatin, 50 mM Tris-HCl pH 7.5, 5.8 g/l NaCI, 2g/l MgSO*) and 2.1 ml oHO 
mM MgCI 2 , 10 mM CaCl2 and infected with 4 x10 s pfu of the phage cDNA library for 15 minutes at 37* C. 

35 Infected cultures were then mixed with 10 ml of NZC broth containing 1 % agarose at 55* C and spread on 
plates containing NZC broth + 1.5 % bacto-agar in 150 mm petri dishes. Plates were incubated at 37 'C 
overnight and then stored at 4* C. These plates were referred to as the master phage cDNA library. 

Pre-cut 82 mm HAHY nitrocellulose filters (Millipore) were wetted in H2O, soaked briefly in 1 M NaCI 
and blotted dry on paper towels. Multiple plate lifts were made by placing wetted nitrocellulose filters on top 

40 of each chilled master plate of the phage cDNA library for 30 to 90 seconds. Filters were keyed to the plate 
by asymmetrical stabbing a 20 ga syringe needle containing India ink through the filter and into the agar 
plate. The filters were then removed and phage DNA was fixed to the filters using the same procedure 
described above for lysis of bacterial colonies. The filters were then air-dried for 30-60 minutes and baked 
for 2 hours at 70* C in vacuo. Pairs of filters were placed in heat-sealed bags with the plaque sides oriented 

45 outwards and prehybridized with 6X SSC, 25 mM sodium phosphate pH 6.8, 1 mM EDTA 1 % SDS and 
100 ug/ml sheared and denatured calf thymus DNA for 6-7 hours at 65* C with occasional mixing. 

Plasmid pin 2-1 was nick-translated as described above to a specific activity of 2.5 x 10 8 cpm/ug of 
DNA, and purified by spun-column chromatography using Sephadex® G-50. Prehybridization buffer was 
removed from the bags containing the replicas of the phage library and replaced with 20 ml of the same 

so buffer containing 1.5 x 10 s cpm of denatured pin 2-1 probe per ml of hydridization solution. Fitters were 
hybridized at 65* C overnight with occasional mixing. Filters were removed from the bags, washed twice at 
room temperature for 15 minutes with 2X SSC, 0.5% SDS, and twice at 65* C for 30 minutes with 0.1X 
SSC, 0.1% SDS buffer. The filters were briefly air dried, wrapped in polyethylene wrap and exposed to 
Kodak X-OMAT XAR-5 film at -80* C overnight using a single Du Pont Lightning Plus intensifying screen. 

55 Plaques hybridizing with the pin 2-1 probe were picked from the master plates. Stocks of these 
hybridizing phage were made by removing agarose plugs from the plates containing appropriate plaques, 
placing them in numbered 1.5 ml microfuge tubes containing 1 ml of SM buffer with 1 drop of chloroform 
and allowing the phage to diffuse out of the plugs overnight at 4* C. Plaque purification was performed on 

22 



EP 0 388 186 A1 



10 



15 



20 



25 



30 



35 



«. » mm . <2»~ -sass ^-sSr 2 

100 lU allqcos of tbe duodena and ««»*« MJ iT.'STT™*** described. HvttXSakMJ PW"" 

MartMls « «, Molecular an**: A labotatnry IM cola »pb ^ w 

elaetrophorests in a 1 % agarose "as* ' 01 S^ELlSo HI site Oral divined il inld a 300 bp and 
bartered a 900 bp Mt Tl» W«« ZfwS nfi^n. eia. to be a tun length cop, of 

a 600 bp fragnteot when digested ™' ™^j"S"? c0 NAe insert showed that «M .12 oor»nM 

r^;^~ m ^^£ 2 Jnt^ 2 -. 

'^The 000 OP ECO Rt H»- how. ™» ~ J^XXSSiSi^- 
accomplish this P^IODNAwaadio^ td ^b^^^^^ ^ 

ligation conditions described earlier. An ^'J^M) Transformation of competent cells was 
competent E. coli HB101 cells (Bethesda Research Lab? ratone s> ^ ^ ^ ^ 

accomplished b7removing the cells from storage at *»°™£mi with 100 ul of competent cells. The 
was dieted 5 fold with H 2 0 and an aliquot «y ^^JEfi, 45 seconds in a 42* C water ba*. 
mixture was incubated on ice for ^^^S^tSSw with 0.9 ml of S.O.C. medium (2% 
without shaking. The cells were rehimed to ice for 2 mmw e 10 mM M gSO* and 20 mM 

Bacto-tryptone. 0.5% yeast extract 10 ^ a ^^.^ or , nour and aliquots ofmetransformat.cn 
glucose). The cells were then shaken at 225 rp^ i n/ml of amDicillin Plates were then incubated at 37 C 
mixture were spread onto LB plates com ^ColT^ividual amp-resistant colonies and 
overnight. Small scale plasm* P™^" 8 ™* f^™ was found that contained the 600 bp EcoRI 

DNA Sequence Analysis of 2-j cDNA Clones 

me nuclei sequence of the 2-1 mRNA was determined fc^^^SS 
1.12A. The insert of pin 2-1 was subctoned lrtD*J£*J ^ ^ Pst , and the resultng 
sequencing. For subcloning. an al.quot of pin 2-1 *^ °'9 e ^ vector An aliquot of the ligation mixture 
5o£ fragment was subctoned into the Pst I site of £ W«nF£j \ e „ plated on lb plates 
2 used to transfect E. coll JM 101 and ahquote of the "JJ^T plaques were analyzed until a 
containing X-Gal and IPTG and grow, » overmgjt *37 C. MMU DNA sequencing template was 

phage was found that contained the cDNA mart J ™ 1 ^ ^ using « to inoculate 3 ml 

prepared from this phage by scooping a portion of aplaque ° JM 101 ^ The culture 

of 2 X YT media in a 15 ml falcon tube c^mng 2M of expote y g ^ ^ was rernove d 
was incubated at 37* C with vigorous faking for » J^^ m 4 ? c Qne ml * pha ge supernatant was 
so and centrifuged in a 1.5 ml microfuge ^JJf^, U | of 20% PEG 8000. 2.5 M NaCl. The 

Srefully pipped off and placed roim^peraturo for 20-30 minutes. Thephage 

tube was inverted several turns. ^ d J^*^ microfuge at room temperature. The supematent was 
were collected by centrifugaton for 10 mmutes -na™^ 9^ superantant from the tube walls 

carefully removed and the tube was recentrrfuged to y a 6 ^ extracted with 50 ul of 
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. 20 - C. Tb ONA, sultan for use as a se.uencjng P-ate. was coveted by centri^gauon In a mlcrofug 
at 4* C for 10-20 minutes and dissolved in TE ^ of Qu)Q9t [Sang er. F. et al.. Proc. Natl. 
This template ONA was sequenced using the drteoxy^ J" a ^ a 800 Centennial Avenue. 

A portion of the 2-1 DMA msertin ^^^^ateWUO bp from the cDNA insert adjascent to 

isolation of 2-1 Genomic Clone 21,14 

« materia, used for ONA iso, f on - J^ed from ^™^et itTfS 
line Missouri 17 (Mo17). Leaf material ^^^^olteaf material as follows: frozen leaf materia, 
nitrogen. High molecular weight DNA so^tedfrom30 g of lea ^ a fine the 

was placed in a coffee grinder along ^^^^^ beaker and suspended in 100 ml of cold 
dry ice had sublimed, the frozen powder was ^starred to «j oe ^ me rcaptoethanol. 
SfefA (100 mM Tris-HCI pH 9.0. 100 mM * cSgatton at 10.000 rpm for two 

0.4% diethylthiocarbamic acid). Nuclei ^^^S^d ^e pellet was resuspended in 3 ml of 
minutes in a Sorvall GSA rotor. The supernatant was diseased ana p mM Trjs . HC , pH 8 . 3 , 

buffer A. The nuclei were lysed by ^"^^J If gating the mixture at 55* C for 10 
100 mM NaCl. 50 mM Na 2 EDTA, 15 % ^^SnSSi was then added and the mixture was placed 
minutes with constant stirring. Ten ml lo ^ gJS^S- and SOS-cell wall complexes. The 
on ice for 10 minutes to precipitate SDS SMpr^n comp, table-top centrtfuge. The 

precipitate was collected by centnfugaton at 5000 J«T B extracted with an equal volume of 
supernatant was transferred to a ne w tube j and the solution w acetate DNA was then 

chloroform:isoamy. alcohol (24:1 Wv by centrifugation and resuspended in 

precipitated by addition of an ^ * «**» 3,1(1 ethidium T5 

30 ml HaO. Solid cesium chlonde ° *£, 16 hours in a Beckman VTi50 rotor. Banded 

added to 300 ug/m». DNA was centnfuged at «;^'J m ™ ^ e tabes with a 16 gauge needle and 
DNA was recovered from the gradient ^e^nctunng *°^>° * by adding 100 g CsC. to 
removing the band. The DNA was d.luted to_ 30 mT wrih 1*W ^£ bromide was removed 

100 ml TE pH 8.0) and bandedon^ agajnfoW the water ^ aturated isopropanol. The 

• ss itas si* dna was couected by cenw,u9ahon 

24 units of restriction enzyme Sau 3A n CuteaH (100 W was removed after 2. 4. 6. 8 

« mM ^mercaptoethanol. 7 mM magnesium a*^^ * Jttta EDT Ato 50 mM. The five time points 
and 10 minutes of digestion and me reaction ^PPed by^ng^ . ^ ^ 

wTre pooled, extracted with f ^^^C^^'^ONA was dissolved in 0.1 ml H,0 

in the pool was ethanol "SJ^^iS* «n 1 M NaC «- 20 mM ™* H ° l «' S 

and loaded on a 10-40% u'V^f,^ JJ£J £ ?5 hours in a Beckman SW 41 rotor. Fractions <M 
«, FDTAt Centrifugation was performed at 40.ouu rpm iw >» bore needle and aliqouts of the 

50 S^e're collected from the bottom of ■»!>"»»"£ ^S?2l F^onTcontaining 12-20 kbp DNA 
Jarfons were analyzed SLeTTnenoichloroform (1:1 v/v). precipitated w,th 

fragments were pooled, ex^d wW an ^a^lume p ^ ^ ^ DNA was 

ethanol and resuspended in TE pH &0. Fou ^tentns c > a EMBL 3 DNA (Stratagene) using 5 

55 ligated overnight to 1 microgram V£Lm* (50 mM Tris-HCI pH 8.0. 10 mM 

weiss units of DNA ligase ONew &gtond for 24 hours. Ugated DNA was packaged 

dithiothreitol. 10 mM ^^^^feJ^e^ltowing the manufacturer's recomended protocol, 
using Gigapack Gold packaging extracts (Stratagene) roitowi 8 
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A library o, 500.000 phag was ^ 2£ SA 

veai 52* 10 g NaCI, 2.5 g MgSO*.7H 2 0 10 g agarose^ ^ added to 200 ul of 10 
SSTSS- Plate. To do this, phage (in a volume *k« »JJ *™ in 2XYT (16 g Bacto- 

IffSi.? 10 i MgC. 2 and ^ * ^and pha g 9 e were al.owed to adsorb to 

tryptone, 10 g yeast extract. 5 g NaCI 0.2% . matose wae mo lten 0.8 % top agarose 10 g 

S ce..s at 37- C > for > minute* ^ZSZEZ to 1 .Her) at 50' C and poured onto LAM plates. 

saturated w^h 0.5 M NaOH. 1.5 M NaCI L VffiErTSSJ ^filters were transferred to a 
SSTpS ^SSS? AS ^uTme .era were then baked at 80 C for two 
h0U ^e preyed at 42* C for 4 = In a 150 - ^-ry^ng dosing 150 m. of 

prehybridization buffer (50% deiomzed ££*N»* *»»■ £ n ** 9 * 

0 05% SDS. 0.05 M sodium phosphate pH. 0.1% " ' 7 2 10 mM M gSO*. 0.1 mM DTT, 50 
oiasmid I pin 2-1 was nick translated in 50 Ul of 50 mM ^Tns-HCi pH 7£ dTTP, d6TP. 5 

Cm. BSA. 10 uCi »^^fSt 1 U t r^TreaS ^stopped by adding U. of 0.5M 
,n units DNA polymerase I (BMB) at 15 C tor l nour. ammonium acetate. 10 tig 

20 E^A and DNA was then precipitated by ^SSS by centrifuge**, dissolved in 0.5 ml 

yeast tRNA carrier and 350 ul of ethanol- The DNA was > coHea y ^ ^ ^ cooling 
S and denatured by heating for ^ minutes «ab«Jg wate ^ ^ Q ^ nick.trans.ated 

Prohvbridization solution was discarded P ~ SSC 100 ug/ml denatured salmon sperm 

25 pin 2-1 with hybridization buffer (50% de.on.zed formate. 5X SSC 1^ » ^ ^ 

L no5% SDS 0.02 M sodium phosphate 0.2 h Pico... wt minutes in 1X 

5 X S i 0 s cpm per m. of buffer. The next monng^ «£ ~~KJ 0 . 5% SDS a t «' C in a 
SSC 0 5% SDS at room temperature ^ d * re ^!l„Lo sheets of 3MM paper, wrapped in polyethylene 
Sng water hath. ^^^^JTJTc using a single Du Pont Lighhng Plus 

W rns^g^^ *e ftick end of a pasteur 

Stive plaques were picked by taking Plugs from fteagar plate ^ ^ 

pipeS and P^ing them in 0.5 ml of SM. DOutons of fte phage ^^ose, 100 Ul to 10 mM CaCfe, 
S>2 as before and plated on 80 mm d JJ^J^" % Satton was performed on each phage^ plaque 
3, ?o mM MgCI*. and 100 u. of an ojjj^gj ^ carried out until pure plaques were ob*ned. 
as described earlier. The phage hft-pjck ^ c e n in „ qui d culture for .so.at.on of DNA^ 

Rfteen pure phage isolates. des.gnated 21.1 to 21.1! were g these phage stocks 

pure plaques were removed from ^ t "£*£^£aK culture .n 10 mM MgCI 2 at 37 C 
were incubated with 50 ul of a two times concerted farmed LB (10 g Bacto-Trypton* 5 

ITT. i SM« «*» and ,o«unpond«> " « * * "L*S "t» lysaos «« ortooW •» 
m SJio «5 phenol w«. »*»d » plw> "I"™" l^Saod by .doing ono*» volume 

in the clones corresponding to the 2-1 cDNA. iwo ug 
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cDNA synthesis using RNA from N ^ ,n0 n ^f c ^°S^X)nded to the coding region of the 
, template to identify regions in to venous -JJ^*^ ™ Son enzymes and the digestion products 
genes. Phage DMA was digested ^ a va^ety of^ffe^t rem J* ^ to Qe ne Screen Pius 
were separated by ^P h 1 or ^ , % u t? h L5^^Tran*mly primed cDNA probe that was made as 
membranes (New England Nuclear) and hybnd.zed J ^ esutfonamide -treated com roots was 

foTws: t ugpo.y(A)* ™T£Z££Z^ 
, 0 added to 30 Hi of water and placed la , bo.hng ^ DTT,) 2.5 ul 2 mM dATP, 2.5 ul 

first strand buffer (0.5 M Tris-HCI pH 8.5J 5.4 M KO 0.1 M Mgw^ Biotech, Inc.). 20 ul random 

2 m M dCTP. 5 ul 20 mM dGTP. 5 ul 2C 1^ £EXK2. cat #PLB9223). 10 Ul -32P 
hexamer primers (16 ul/ul. Pharmacia, cat #272266^01 or ruo reaction 
SSTf-ot CO. 10 U. -32P dCTP (100u ^ - " — JSHSSy by adding 10 
, 5 mixture was then incubated at 37 C for ^one nour fo( . one hour at 65 c . Base 

RNA was hydrolyzed by adding 50 ul 0^15 M NaOH and W HC , ^ DNA predated 

was then neutralized by adding 25 u of 2 M Tns-HCi pH ooan ^ ^ ^ ran(Jom| 

with ammonium acetate and ejanolir \*J^£ZS£^ and prehybridizations were earned 
primed cDNA probe was then d.ssolved ^^L" 2 ^ ms restri ction mapping analysis defined 
20 out as described above for genom.c library screen ng_ Data worn genomic clones 

als of each genomic clone that were homo fogous £ 2 J^lrt » clones hybri dized to 

corresponding to the In2-1 cDNA ■ ™«^S2^SK^^ Biuescript P BS( + ). (Stratagene) 
the random cDNA probe were subctoned into eitner puo.» 

for DNA sequence analysis. rii „ n rfinn 10 ua of phage DNA and a suitable vector 

2S Subctoning of genomic DNAs were performed DNAs were extracted with 

(either pUC19 or pBS + ) with ^ t ^"^^2 JJld 10 ul of TE. Phage DNA was 

30 ^©^^1^^^^^'^^^^^^'^^'^^^^^^^^^'^'^^^^^^^^^^^ of^rwTnBSulting plasmids with diagnostic 

^STused to sequence ^iTjffiW^S^ 

for Z Sbclone using Bal 31 "»2£K2S^ ^ ^ a " d 

an appropriate restriction enzyme and then •J**™^ ^ 70 % ethanol. dried, and res"spended 
with ethanol. DNA was collected by cen ^aton^shed one 20 units Bal 31 under 

in 100 Ul of HaO. Nuclease digestion was camedort tin a ^° ,U removed „ vari ous times 

L assay conditions described by the manufacturer "j^* * 1 ° * d by the aliquots tea 

ranamg up to 8 minutes and pooled into 5 groups. The react ons PP* M sodium acet ate. The 
rnXe of 150 ul H 2 0. 5 Ul carrier tRNA (5 n^ml) 25 UM MJM degree ot di gestion. The 
5 deletion pools were analyzed by gel ele 10 ^ e^o, precipitated and resuspended ,n 

Pooled DNAs were then '^^^^SSm b7p^"9 « »*• "f 9 ^ 

100 Ul of ffeO. The 5 ends of the ae, ^ on V^ n ?^KIenow salts (0.5 M Tris-HCI pH 7.2 or pH 7*. 
Fragment of DNA polymerase I. One-ten* volume ° f 1 ° X J^„Xi de triphosphates (all four dNTPs) 
0 1 M MgSO*. 10 mM DTT). one twentieth volume of 5 mM ' «~*» nu ded md ^ filWn reaction was 
s and" Z of ioenow fragment of DNA ^TS^^^ with phenolxhloroform (1:1 v/v^ 
incubated at room temperature for 30 mmutes. DNA was m ^ ^ ^ werQ ^ ^ to 

precipitated with ethanol and ^^^JfJ^ * e deleted inserts. DNAs were extracted wrth 

- £s ---- « - s^j^wss is 



35 



40 



26 



EP 0 388 186 A1 



TO 



75 



30 



35 



gro wn for 5 hours at 37'C and small — JR^^ 

cuLe was poured into a microfuge tube and "2?^££JS3? DNA. C pelleted cells wer 
So a new tube and saved for «ater P w ^^„^lJmM EDTA pH 8.0. To mM Tris-HCI pH 
resuspended in 0.35 ml of BPB (8% sucrose. 0 5% J r ^ n X J^^ mgZ fn BPB) was added and the tube 
8.0). Twenty five u« of a freshly prepared ^S^SSlSSSif centnfugation for 10 minutes at 
was placed in a boiling water bath for 40 ^^^StA^Si as other debris formed a gelatinous 
room temperature in a ^^^ J^^ d ^A was palpitated by addition of 30 u. 3M 
pellet, and was removed with a ^J^^^^^^g^ washed ' with 70% eth8n01, 
sodium acetate and 250 ul .so ^ u I ^re digested (in Cutsall) with appropriate enzymes 
dried and resuspended in 75 ul H 2 0. f^J^£i£fi electrophoresis on 1% agarose gels, the 
that would excise the inserts. After ana, ^ f ^,f^"g ^unt of Bal 31 deletion) and clones were 

srssrss — to - „ 

^strinded DNA for dideoxy chain-tern ^on ^cing .^^SlliiSS 
supernatant saved at the start of me small scale ^^^^^J^Un 5 minutes in a 
wi* 150 ul 20% PEG 8000. 2.5 M NaCI em8 tant were removed by aspiration, 

microcentrifuge after 15 minutes. at ~*JP^J^n5» 1 "M EDTA. Phage were lysed by 
and the pellet was resuspended in IOC ul 03 " "J™ DNA was precipitated with ethanol. DNA 
extraction with an equal volume of P^f^ 0 ™^ ^ed briefly and resuspended in 25 ul of HaO. 
was collected by centrifugal^ washed^ with 70 * ^ ol ; p Ler (New England Biolabs. inc.) The 

Sequencing was perterrned « u ^ ng 3.5 ul template DNA. 2.5 U. anneaiing buffer 

annealing reaction was P« rf °™ e * * J£f* , I? uni ve^l sequencing primer (1 ng/ul) and 4 ul water. The 
(100 mM Tris-HCI pH 8.5. 50 mM MgCIa). 1 J"" s^encing reaction were: 1) Termination 

, 'annealed DNA was then placed on ice « »J* * ^p^iate ratios; 2) polymerase cocktail 
mixes containing dideoxy ' or u^^u g^i^j MotTci) 35^dATP, 1 Ul 0.1 M dithiothreitol. 6^1 Ul 
which contained 0.9 Ul 0.1 M Tris-HCI pHSAl ^ ^ ^ mjxed in a well of a m icrotiter dish - 4 
water. 0.25 ul Wenow (5 units/u ). Two ul J-J-J^fJ for 20 minut e S . At this time. 2 ul of chase 
wells (A.C.G.T) for each annealing - and '^ <** 3 J ^J 0 ^ t0 each well. After an additional I 25 
solution (a solution containing 0.5 mM of all ^^ 0 7^ uei 008 % ^ene cyanol. 20 mM EDTA in 
minutes of incubation, terminating dye (0.08 ^ bro ^ en0 ' ^ heated uncovere d at 90* C in an oven for 
deionized formamide) was added ^.^" s e ^S s ^a 6 % po.yacrylamide gel in 1X TBE (0.089 
10 minutes, placed on ice. and subjected to J^J^S 8 M urea at 1500 volts for approximately 2 
M Tris-borate. 0.089 M bone acid. 0.002 M I EDTA) contein, g ^ ^ ^ ^ 

hours. Urea was removed from the gel by soaking . jn 10 U memano^ ^ ^ ge , 

gel was then transferred to a sheet of Wiatman 3MM I paper ^dned 0 g ry screen 
its autoradiographed with Kodak X-AR film overnight J^JJ^*^, ^ng the Cold Spring 
DNA sequences were read from the gel. entered int .a compute extendin g 5 ' from the Nco I site that 
Harbor programs. The sequence of th| > premote a « »»» Ec0 ^ ' 
40 initiates protein synthesis is shown in Figure ,2. ^ o{ 2 . n mRNA . This subclone was 

subclone of genomic clone 21.14 contemed sequent* ^lone from 21.14 was shown to contain the 

ssssrs aw J - F lEi^ si ss= 

mRNA 

Cjonjng and Mutagenesis of ^ Reg^^ Reffi * to 2JJ4 

50 After -.denying a genomic cfon e t^T^l 
search was begun for the regulatory ^ regions of the gene. Th ^ ^ «,« consensus sequence 

message was identified in the 21.14 gen .by <*J™i sequence to the open reading frame m the 2-1 
A.ATGG. as well as by comparison of the 21.14 genomic *»< 

ss cDNA sequence. 

Construction of plasmids p484-1(Nco I) and p484^52 (Bgl 11) 
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Site directed mutatgen sis was performed on the regulatory regions of the 21.14 genomic clone so that 
the expression of a foreign coding sequence could easily be placed under the control of chemicals known 
to affect the expression of the 2-1 gene. An oligonucleotide of the sequence 5'-GAGCTGCGGTACC6GC-3' 
was designed to introduce an Nco I restriction site in pJE484-1 at the ATG codon corresponding to the start 
5 of the 2-1 protein coding region of the message. Another oligonucleotide, 5-TGAGATCTGACAAA-3', was 
designed to introduce a Bgl II restriction site in pJE482-62 at the 3' end of the gene, 9 base pairs past the 
termination codon of the 2-1 protein. Both oligonucleotides were synthesized using an Applied Biosystems 
DNA synthesizer. 

The plasmid pJE 484-1 was transformed into the dur ung~ E. coli. strain BW313 [disclosed in Proc. 

10 Natl. Aacd. Sci., USA, Vol. 79, pp 488-492 (1982)]. Cultures were grown for the production of single- 
stranded DNA as described earlier in this Example. Colonies were picked with sterile toothpicks and used to 
inoculate two 5 ml tubes of 2XYT containing 100 Jig/ml ampicillin and 5 ul of a M13K07 stock (a helper 
phage for packaging of single-stranded DNA; titer 10 11 pfu/m»). The cultures were shaken at 37* C, and after 
two hours of growth, kanamycin was added to 50 ug/ml. The incubation was then continued at 37* C 

is overnight. The tubes were pooled and bacteria were removed by centrifugation at 8,000 rpm for 10 minutes 
in a Sorvall HB4 rotor at 4* C. Sic ml of the supernatant were removed to a new tube and 1.5 ml 20% PEG, 
2.5 M NaCI added to H and mixed well. After 15 minutes at room temperature, phage particles were pelleted 
by centrifugation at 8,000 rpm for 10 minutes in a Sorvall HB4 rotor. The pellet was resuspended in 0.4 ml 
2XYT and transferred to a new microfuge tube. Phage particles were precipitated by adding 0.1 ml 20% 

20 PEG, 2.5 M NaCI. After 5 minutes, phage were collected by centrifugation and all traces of supernatant 
were removed by aspiration. Phage particles were resuspended in 0.5 ml 0.3 M sodium acetate, 1 mM 
EDTA, and extracted with phenokchloroform (1:1 v/V). Phage DNA was then precipitated with ethanoi, 
collected by centrifugation, washed once with 70% ethanoi and resuspended in 50 ul of H 2 0. The 
concentration of DNA was determined by measuring the absorbance of a 1 to 50 dilution of this solution. 0.5 

25 pmole of this single-stranded DNA was annealed to 25 pmoie of the oligonucleotide 5 - 
GAGCTGCGGTACCGGC-3 in 20 ul Fritz standard annealing buffer (8X annealing buffer is 1.5 M KCI, 100 
mM Tris-HCI pH 7.5) for 30 minutes at 55° C, 15 minutes at 37* C, and 15 minutes at room temperature. 
After annealing, 2.3 ul 10X fill-in buffer (0.625 M KCI, 0.275 M Tris-HCI pH 7.5, 0.15 M MgCfe, 20mM DTT, 
2 mM ATP, 1 mM of each dNTPs), 1 ul Klenow (5 U/ul) and 1 ul of 0.6 U/ul DNA ligase were added. The 

30 tube was incubated overnight at room temperature. The next day, competent E. coli strain JM83 was 
transformed with the products of this ligation reaction (as described earlier) and plated on LB plates 
containing 100 ug/ml ampicitlln. Small scale plasmid preparations were performed on the resulting colonies 
and the DNA was digested with Nco I until a transformant was found that contained a plasmid that was 
linearized by Nco I, indicating that the desired mutation had taken place. This new plasmid was designated 

35 pJE 484-1 (Ncol) (Figure 3). In the same manner, the plasmid pJE 484-62 was mutagenized with the 
oligonucleotide 5-TGAGATCTGACAAA-3' to create a new Bgl II site downstream of the translation stop site 
of the 2-1 protein. This new plasmid was designated pJE 484-62(Bgl II) (Figure 3). 



40 Identification of the Transcription Start Site of 21 .14 Gene 

Primer extension analysis was performed to determine the transcription start site of the 21.14 gene 
using a method based on the procedure of McKnight (McKnight, S. L, Cell 31 355-366 1982]. A synthetic 
oligonucleotide, designated HH17, which is the reverse complement to bases 572 to 593 of the coding 

45 strand of the 21.14 gene (Figure 1) was synthesized using an Applied Biosystems Model 380A DNA 
synthesizer. The HH17 oligonucleotide. 5-CATGTCGTCGAGATGGGACTGG-3', was end-labeled with ^P- 
gamma ATP (specific activity 3000 Ci/mole, NEN Research Products) as follows: 5 ul (8.34 pmoles) of 32 P- 
gamma ATP was dried in a microfuge tube in vacuo . The pellet was dissolved in 2 ul of HH17 primer (5 
pmole) and 2 ul of 2.5X kinase buffer (1X buffer is 50 mM Tris-HCI pH 9.5, 10 mM MgCI 2 , 5 mM 

so dithiothreitol, 1 mM spermidine, 0.1 mM EDTA). One u! of T4 polynucleotide kinase (5.3 U/ul, Pharmacia) 
was added, and the labeling was allowed to proceed at 37* C for 15 minutes. The reaction was stopped by 
adding 75 Ul TE (10 mM Tris-HCI pH 8, 1 mM EDTA), 54 ul 5 M ammonium acetate. 20 ug yeast tRNA 
carrier and 350 ul ice-cold ethanoi. The oligonucleotide was precipitated on dry ice for 30 minutes and 
recovered by centrifugation at 4* C. The pellet was dissolved in 90 ul of TE pH 8.0 and re-precipitated on 

55 dry-ice for 30 minutes after adding 10 ul 3 M sodium acetate, pH 6 and 250 ul ice-cold ethanoi. The 
oligonucleotide pellet was collected as before, rinsed with 95% cold ethanoi and dried in vacuo . The pellet 
was dissolved in 50 ul of 10 mM Tris-HCI pH 8 at a final concentration of 0.1 pmole/ui and stored at 4 - C. 
Eight ug of total RNA isolated from the roots of Mo17 com plants treated hydroponicaJJy for 6 hours 
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HH17 primer. 2 Ul of 5X annealing buffer (1*5 M km. tu f performed by heating the 

ZnuSeoside comp.ex (Bethesda ^J^* ° 2 ° ho 7pS PrimeVextension was performed 
mixture at 65*C for 3 minutes , and cootag to J C d 2E£^ P mM Trie HC. pH 8.3. 0.33 mM of each 
5 by adding 23ul of PE mix (10 mM ^b. 5^ d^owem revers8 transcriptase (10 U/Ul. 

riATP dCTP dGTP. dTTP. 100 ug/ml actinomycin-D). u.a> w w - cto4 5 minute s. Primer extension 
Resources) to the ^J^^25 SoV-^S! ethane,. The precipitate 
products were precipitated on dry .ce if or M J™"^ !T l-cold ethanol and dried in vacuo, 
was coiiected by centrifugation at 4 C. nnsed w.th 70 / etha pjETtB (described « 

The HH17 oligonucleotide was used * » • PjJ' » r ^ mM EDTA „ r00 m temperate for 5 
Examole 6) Four ug of pJE516 was denatured in 200 mM Naun. < ^ denatured DNA was 

22 arid base was neutralized wHh 2 ^ammonium aoeteto The DNA was coiiected 

precipitated on dry ice for ^f^fl^Z.^Z^^ in vacuo and dissolved in 10 ul of 
ly centrifugation at 4 C * « "-J* 2 wThh17 as thFpTimir using a Seguenase® Kit 
15 water. Seven ul of denatured pJE516 was ^ ue ""~ recomme nded by the manufacturer. 

TuTrted States Biochemical Corporation) usingi ^ J^SlTSJI? £ M NaOH, 1 mM EDTA for 30 
( The primer extension products from *f ^ lien added and the solution was heated 
minutes at room temperature. Six *«£ZZ£S£X£i sequencing reactions were separated 
90* C for 5 minutes. Primer extens.cn producte ^and pnmec ^ ^ was tnen dned 
» by electrophoresis on a 12% polyacrylam.de gel m 1X TBE g ^ rf one major band 

Sd autoradiographed. Analysis of the primer e^enstonj gene prom oter fragment in 
whose length corresponded to a transcnpt.cn ^ 536. The positions of these bases .n 

55 1 KLSr«-«-^ promoter desi9nated 2114 was 

y *-««<»^Mn«nn start site. 



Figure £ IS inuiuaw?" ~j ~ 

25 assigned as the major transcription start site 

EXAMPLE 2 
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i«*«on.n<i2£2S!2!!a!£— — 221 

,. i» CDMA Bwy «• u*0 P0W> 22^ln^i^1>~»^ te "^i?£ 

This colony was designated In 2-2. «iasmid contained in colony In 2-2. This 

A smi scale plasmid preparation was performed ^on *e J-«d^ desc nbed earlier. A slot blot 
piasmid was designated pin 2-2. An aHquot ,f 3 S tarobe ^^esulfonamide-treated and untreated roots was 
Saining total RNA from N^not^l^^^^^ „ in Example 1. This analyse 
^eparedTand probed with * ^ Z££**Jl * RNA from ro0tS ° f ^ ^ 

confirmed that pin 2-2 » c °^ "^Se tatnot to RNA from untreated roots, 

with N^aminocart)onyl>-2-chloroberizenesulfonam.de. But not with Pst I and analyzed by 

50 TheTm 2-2 small scale plasmid preparation was ^Jf J^^Sed by Pst I as a single 1200 bp 
50 agarose gel electrophoresis. The cONA insert d MJ. JjJ^TJSlA from both untreated and N- 
Sgment Nick-translated pin 2-2 was used »P^*™£ proDe hybridized to a single 1.35 tat 

mRNA that was present only m RNA from , fte roots* *t ^ ^ ^ M 

- --rssi'sr-s -7^^% wss--^ s& 
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75 



master fillers were prepared by transferring ^J^JJtJ filter was then removed and placed colony 
p,ate that contained 150-250 transformed "^^J^^^e, of the library were prepared and 
side up on a fresh LB/amp plate. ^^^7^ * °« •* of ^ 
the DNA in each colony was fixed to JlfSSng of nick-translated plasmid DNAs from a 

prehybridized and then hybridized wrth a ^P^^JLlation. and filter prehybridization and 
number of sources including the plasmj IptaJ * f^JJJ^ 1 cDNA clones from the Xgtll 

from each colony. Plasmids were digested to JfJ, , were bl0 tted to a Zeta Probe® 

. • O-O-A 



TUUMU. » "vo ww... 

This clone was designated pin 2-2-3. 



Isolation of genomic clone 2-2 #4 

The library of Mo17 genomic 
25 screened for 2-2 genomic clones as ^^'"J^^pped using a probe made by randomly primed 
plaque purified from this library. Th > three f'^XSlorobenzenesulfonamide-treaW com roots as 
cDNA synthesis using RNA ^^!iSS^SSSnm9» clone designated 2-2 #4 contained a 

3?S KSTJ" *^S? SKTSSrt^ - center of ite insert - was * erefor 

30 chosen for further analysis. 
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DNA Sequence Analysis of In2£3 and 2£#4 clones 

"" A Pla te stock of Phage 2-2 f was preyed Sffi-? r^mtutS 

equal volume of 10 mM MgC12. 10 mM ^^^^ ^ 3 ml of molten 55* C top agarose 
wrth 40 ul of plaque purified 2-2 #4 phage. 7*° NZC agar plate and grown at 37 C for 

Tot % agarose in NZC broth), spread over*e^ceo a 100 mm i N 9 ^ + . Q 
8 hours. The surface of ^fJ^^^Z^ £ ^ed with 50 ul of CHCfe. and stored at 
orbital shaker at 50 rpm. The SM was «*nwed ^£ ™ p ' detemVin9 phag e liter. 
4* C. Serial dilutions of this stock weretitered on | gi ^^ diluting 3 ml of an overnight 

A large scale preparation of genomic clone 2-2 m >w ^ mM CaC , 2 ^ inoculatm g 

culture o? E. coli LE392 grown in NZC medium jj* : S £ lOmM M 9 ^ ^ ^ c for 15 . 20 
Se bacteril with 2 X 10* plaque forming unrts ^"c ' The culture was grown at 37* C with vigorous 
minutes and then used to inoculate 500 f**™ *J TheTysate was cooled to room temperature on 
Ration until lysis occurred 2 me culture was allowed to stand at room 

to. 1 mg each of DNAse I and RNAse A werei aoaea. was placed on to for 1 hour, 

temperature for 30 minutes. Solid ^^^^'"^11000 rpm in a Sorvall 6SA rotor and 
MM. was removed from the lysate by -""JJJJ^^ % (w/v). After 2 hours at 4 C. 
polyethylene glycol (PEG) 8000 was added to a fin* in a total volume of 15 ml of SNT The 

Sage were collected by centrifugaton as a ^^ d ^ f J n {or 15 minutes in an HEM rotor and the 
phSe were extracted with 15 ml of CH f^^|^X Phage were purified by layering them on a 
upper phase containing the phage ; was stored al .4 J JJJ^JfJ, 80> 10 mM MgC l 2 ) layered over 6 
Sep gradient consisting of 6 ml of 5 M CsC hn TM ( £ ™™ in \ Q9timan S W28 rotor for 2 hours at 
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25 



gradient was centred as ^^^^O^O^ZSZS^ o^^T^ 
against three changes of 50 mM Tris-HC ^^^^ to 1<2 ml with dialysis buffer, and phage 
then transferred to a P 0 ^™ 1 ™**™^ T%^S 60 ul 0.5 M N^EDTA. pH 8.0 and 30 ul of 5 
were lysed by addition of 172 ul HaO 37 5 ^ l 20 % SDS. b extracted once with an equal 

ug/ml proteinase K in water. After lysis for 1 hour at 55 ; pnage ^ ^ equa , volumQ 0 , 

volume of phenol, once with an equal volume of pH 6 .0 and 3.2 ml of ethanol and 

CHcT 3 . Dfiwas precipitated by £ ^^A wSTcov^red by spooling it onfo a pa^eur 
^r^"SKS- fo disso^e overnight by piecing the .pet ,n 1 

m ' °; r Igm P e H nts of genomic Cone 2-2 # 4.were subcioned » <^ ^J^STJSS 
units'Xo FU atV C. Time ^ ^ each time point to 70 C 

ranging from 7.5 to 45 minutes off diges tion_ aid Eco M was^ a is ln a 0 .8 % agarose gel to 

,or 10 minutes. Small aliquots of time po. ■^T^J?^ Eco 5 digestion products were .gated 
determine the extent of digestion Time pom* ' S ^tto7wi1h Ec0 R , and de phosphorylated. Ligation 
overnight with P UC18 DNA tha had beencut to .<™PjJ^ diluted reaction were used to transform 
reactions were diluted with 4 volumes of water and aliquots or ^ plates containing 

extent E. coK HB101. Aliquots of **^f ^^1^0^.^ antibiotic resistant 

^quences of the cONA Cone In »J an. JJ^rS^^ ^« 

SeS sequence of the 2-2 O^Ooj*^ ^^^o^ete copy of the 2-2-3 cDNA Cone 
with the 2-2 #4 genomic sequence showed that 2 2 #* comain 

dispersed among several exons. , O ,omoter regions of the 2-2 #4 gene is shown in 

,„ The nucleotide sequence of the 5 untranslated and PMnWJ regie con talned within an 

30 Figu^S The ATG functioning as «- J"*"^ « ^ jn rego|ation ^ expresi0 n 

remuvcw v frnnment 
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removal OT uie uvwiomw" — — — . . 

top fragment or Cla 1 to yield a 1.7 kbp fragment 



50 



55 



^ tem pdy (A). BNAftom «-"■«• ^^S"^addltion>. cONA done. <W*»*9£ 



designated In 5-2. 
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10 



15 



20 



a™iyzed by agarose gel «^« ras :,™ J^^li, » £2. a Northern Not ol HNA too both 

made in Example 1 was screened for full tength 5-2 ^^^Srtransteted using the methods described 
library with the purified cDNA insert from pin 5-2 ^*^** n n '* cDN A insert and were plaque 

in Example 1. Six different phage cto ^!^J^^ e ^7alS^ of these DNAs were digested to 
purified. Small scate DMA preps were ma* JeX^orS Three clones that contained insert 
completion with Eco Rl and analyzed by StadtatBon of phage DNAs to completion with 

similar in size to the 5-2 mRNA were subcloned mto pUC1 8^r^'g^^° ^ s 9 ubclone , designated pin 5- 
Eco Rl and ligation of the resulting DMA into the Eco Rl site or puu 
2.32, was chosen for further analysis. 
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35 



40 



Isolation of genomic clone 524V1_ 

me 7brary of Mo. genomic ^SSS^* 
with nick-translated pin 5-2 as descnbed library in this manner. These genomic 

message. Six 5-2 genomic clones were p^qu •g^JL^^i^ primed cDNA synthesized using 
clones were mapped by hybridization SeTcom roots to identify regions of homol- 

RNA from N-(aminocarbony.)-2-ch^ co ^ ^ ^ ^ 

ogy to the In 5-2 cDNA as described in ^^J^^'^m.y pn med cDNA probe. One clone, 
appeared to contain the same regions of homology Motto ^J 0 ^ P Q the ,„ 5 . 2 cDNA . 
designated 52.411, was chosen for ^™£Z££^£ ^ and S^a I and the resulting fragments 
Genomic clone 52.411 was ***** compteUon wrth Ecc ,H ^ ^ ^ f n 

were ligated into the vector pUC 19 that ^^rtn an aSuot of the ligation mixture, small scale 
endonucleases. Following transformation of E. coh wrth until a colony was found that 
piasmid preparations were performed « ^'^p^mS was designated pJE 490. 

contained a 12 kbp Eco Rl/Sma I fragment^ ^J^^I^'S Sal I and the resulting fragments 
The piasmid pJE 490 was digested fr > ~mpleton wrth Ecc ^ and ^ ^ ^ ^ restTicti0 n 
were ligated into the vector pUC 19 ttnat had ^^^J « tne Kga6on mixture, small scale 
endonucleases. Following transformation ^X^LToSta^tiM ^ose until a colony was found that 

ssl-s^^ p,asmw - " ,ed * E 491 • conteins 5 

-SrjSJK. was gestae ^ ^ i*-?2SSS 
into the vector pUC 19 that had been cut to -^^J^^, scaie piasmid preparations were 
transformation of E. coll with an ^^^Tw^Tafnd that contained a 4.0 kbp Sal I fragment 

DMA Sequence Analysis of In 5^32 and 52AU 

me sequence of the cDNA Cone pin 5-2.2 5STJ2B ISS^ 
method and Maxam and Gilbert chem.caJ sequencing Maxam^n asmjd pm 5.3.32 

performed on pin 5-2.32 as described ^Z^S^JS^ bTagaros 'ge. electrophoresis. The 
was digested with Eco Rl and re ^ ftn 9 ^^^^to Sletion with Sau 3A. The resulting DMA 

E«r^r£= s e ^.i - p - vector - - 
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transformation mixture were used to transfect E. coli JM 101. Aiiquots of the transfection mixture were 
grown on 2XYT containing X-gal and IPTG. DNA was prepared from randomly chosen colorless plaques 
and sequenced by the dideoxy chain termination method using a Sequenase Kit® (U.S. Biochemicals) 
following the manufacturer's recommended protocols. The correct order of the Sau 3A fragments in pin 5- 

s 2.32 was assigned by comparison of dideoxy sequence data from individual fragments wfth that derived for 
the cDNA by the Maxam and Gilbert method. 

Regions of the genomic DNA inserts contained within the piasmids pJE 491 and pJE 493 were 
sequenced by creating nested sets of deletions of each plasmid as described in Example 1. By comparison 
of the sequences derived from regions of pJE 491 to that derived from the In 5-2 cDNA clones, a 2.1 kbp 

to Bam Hl/Sal I genomic DNA fragment was identified containing 3.5 kbp of the 5-2 promoter as well as the 
start of the 5-2 structural gene (Figure 13). This fragment was subcloned into the vector pBS(-). The 
resulting plasmid was designated pMC 3167.13. The sequence of the 5-2 gene upstream from the 
translation start of the 5-2 protein is shown in Figure 5. 

Site directed mutagenesis was performed on the plasmid pMC 3167.13 to introduce a Nco I restriction 

75 site at the translation start of the 5-2 coding region. This was done so that the expression of a foreign 
coding sequence could easily be placed under the control of chemicals known to induce expression of the 
5-2 gene. An oligonucleotide of the sequence 5-TGCCCATGGTGCGTG-3' was designed to introduce the 
Nco I site at the ATG codon corresponding to the start of the coding region of the 5-2 protein. The methods 
used to perform the mutagenesis were described in Example 1. The resulting plasmid containing the 

20 mutageni2ed 5-2 promoter was designated pMC 75.j5, and is shown in Figure 6. 



EXAMPLE 4 

25 

Identification, Isolation and Modification of com 218 gene Promoter 



30 Isolation and Characterization of 218 cDNA clones 

Details of the techniques used to perform the procedures used in this Example are presented in 
Example 1. Equimotar aiiquots of the cDNA used to make the \gt11 phage cDNA library in Example 1 and 
pUC18 DNA that had been digested to completion with Eco HI and dephosphoryiated were iigated together 

35 overnight Aiiquots of the ligation mixture were transformed into competent E. coli DH5 cells (BRL) and 
plated onto LB plates containing 50 ug/ml ampicillin. Antibiotic resistant colonies were arrayed onto 
nitrocellulose disks and analyzed for cDNA clones containing inserts representing mRNAs induced by 
substituted benzenesulfonamides as described in Example 1. A colony displaying stronger hybridization 
with the cDNA probe made from RNA of N-(aminocarbonyl)-2-chlorobenzenesulfonamide-treated corn roots 

40 was identified. This clone was designated In 218 and the plasmid contained within it was designated p218. 
Agarose gel electrophoresis of the Eco Rl digestion products of p218 showed the plasmid contained a 900 
bp insert. Hybridization of nick-translated p218 to size fractionated RNA isolated from N-(aminocarbonyl}-2- 
chlorobenzenesulfonamide-treated roots indicated that the cDNA was full length. 

A library of Missouri 17 genomic DNA was made and screened for genomic sequences corresponding 

45 to the 218 cDNA clone using nick-translated p2l8 as described in Example 1 with the following changes: 1) 
genomic DNA was digested with Eco Rl rather than Sau 3A and 2) Eco Rl fragments of the appropriate size 
were cloned in the vector XDash that had been digested with Eco Rl rather than using Bam HI XEMBL3. 
Eighteen genomic clones hybridizing to the 218 cDNA were identified and plaque purified from this library. 
The Eco Rl inserts from members of each group were subcloned into the plasmid vector pBS( + ) and the 

so subcloned genomic DNA was digested with a variety of restriction enzymes. The digestion products were 
separated by agarose gel electrophoresis, blotted to nitrocellulose and probed with nick-translated p!n2l8. 
Comparison of the restriction maps generated for the genomic subclones with that derived for the 218 
cDNA indicated that one genomic subclone, designated pMC730, contained a 1.4 kbp Sac l/Xho I fragment 
that was very similar to and hybridized that hybridized with the 218 cDNA clone. 

55 Plasmid pMC730 was digested to completion with Xho I and the the reaction mixture was diluted to 200 
ul. After heating at 66* C to inactivate Xhol, the diluted digest was Iigated together to recircularize the 
plamid, and thus deleting a 6 kbp Xho I fragment from pMC730 that did not hydridiz wfth the cDNA. This 
plasmid was designated pMC767. The plasmid pMC767 clone was sequenced 224 bases from th Xhol 
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side and was found to compare welt with the cDNA for 190 bases at which point an intron junction was 
encountered. To skip over this intron, pMC767 was digested to completion with Nco I and Xho I. The 5 
overhanding ends were rendered blunt using T4 polymerase and the plasmid was recirculated as 
described above to create the plasmid pMC791 (Figure 7). 

s From this plasmid a DNaSe I deletion series was generated for dideoxy sequencing. The entire Nco I to 
Eco RI region was sequenced {1710 bases) and compared with the cDNA (Figure 8). The genomic 
sequence matched the cDNA sequence at its 5 end and extended over 1,5 kb beyond the 5 end of the 
cDNA (Figure 7). The beginning of the 218 message was determined by using the genomic clone in a 
riboprobe protection experiment and the first ATG of the message was identified by searching downstream 

io from this site, and is indicated at nucleotide 1516 by an arrow in Figure 7. Computer analysis of the 
genomic sequence identified an Afl 111 site that contained this ATG (underlined in Figure 7). Digestion with 
this enzyme produces a cohesive end containing the ATG start codon of the 218 gene product that is 
capable of ligating with any desired coding region. Thus a functional 1.4 kbp 218 promoter and 5 
untranslated leader fragment may be obtained from pMC791 by partial Afl II! digestion followed by 

rs complete digestion with Sma! to excise a 1.4 kbp promoter/untranslated leader fragment. 



EXAMPLE 5 



Identification, Isolation, and Modification of the Promoter and 3 f Downstream Regions of the P6.1 Petunia 
Gene " * 

25 

Growth and Chemical Treatment of Plants 

Petunia (Mitchell) seeds were germinated in soil and allowed to grow for one month under standard 
greenhouse conditions. Plants were transferred to a hydroponic growth apparatus in a greenhouse using 
30 foam plugs to support the plants. These plugs were then placed in holes in a wooden board and placed 
over a stainless steel sink containing 0.5X Hoagland's solution. The solution was aerated using standard 
aquarium pumps, and was changed weekly. After one month of hydroponic growth, plants were transferred 
to stainless steel trays containing either fresh 0.5 X Hoagtand's or 0.5X Hoagland's containing 0.2 g per liter 
of N-(aminocarbonyl)-2-chloroben2enesulfonamide. Root tissue was harvested after six hours of treatment. 



Isolation of RNA 

Root tissue was harvested by slicing roots off just below the foam plugs. Tissue (2-5 g) was wrapped in 
4o aluminum foil, quick frozen in liquid nitrogen and stored at -80* C until used. Frozen tissue was transferred 
to a mortar pre-cooled with liquid N2 and ground to a fine powder with a chilled pestle. The powder was 
transferred to a 50 ml polyethylene centrifuge tubes containing 10 ml NTES (0.01 M Tris-HCI pH 7.5, 0.1 M 
NaCI, 1 mM EDTA,1% SDS), 10 ml water-saturated phenol, and 10 ml chloroform: isoamyl alcohol (24:1 
v/v). The emulsion was vigorously shaken for 15-30 minutes and then separated by centrifugation in 30 ml 
45 Corex® tubes at 5000 rpm for 10 minutes in a Sorvall HB-4 rotor. Nucleic acids were precipitated from the 
aqueous phase by the addition of 1 ml 3M sodium acetate, pH 6.0 and 25 ml ethanol. After 2 hours at 
-20* C, the precipitate was collected by centrifugation at 10,000 rpm for 20 minutes in a Sorvall SS34 rotor. 
Pellets were drained well and dissolved in 2 ml of H2O. Two ml of 4 M lithium acetate was added to 
selectively precipitate the RNA and the solution was held on ice for 3 hours. RNA was collected by 
so centrifugation at 10,000 rpm in an SS-34 rotor for 20 minutes RNA was dissolved in 400 ul water, 
transferred to 1.5 ml microcentrifuge tubes and reprecipitated with ethanol for 2 hours at -20* C. RNA was 
collected by centrifugation in a microcentrifuge for 5 minutes and the final pellets were dissolved in 200 ui 
H 2 0. RNA concentrations were determined from the absorbance of the solutions at 260 nm. Yields of RNA 
from typical preparations were approximately 1 mg. 

55 

Isolation of Poly(A)* RNA 



34 



EP 0 388 186 A1 



TO 



Poly(A)* RNA was prttod from to* ™»~™S?S«E*E& SW 2™ 
diluted to 0.4 mg/ml (10 Aaso per ml) in zero salt buffer (10 mM in my ch|orjde was 

rle RNA was denatured at 65' Ctor 5 £2£ a pT^ic disposable column ft* 

then added to bring the concentration to 0-4 M-The ^ « J been equilibrated with high salt buffer 
was packed with 0.1 g oligo (dT) cejuto* VjJJ^ wLSd over the column two or three times to 
(zero salt buffer containing 0.4 M sodium cWondey. RNA was P£» waghed with 10 m , high salt 

maximize binding of the poly(A) fraction Fotowmg ~ ons ^^ce of the fractions was 

buffer. PolyW was e.uted with zero RNA was precipitated with ethanol and 

sss : - sews? a — ~ - - — - - - 



20 



25 



Construction of cDNA Library 

-^Trf po,y(A>* RNA - = c^on^ 

ethanol precipitated, collected by cerrtnfugat.on and d usj a reactio n mixture 
!?C for 3 minutes and rapidly chilled on to. u\ £ 0 4 M KCI. 0.1 M MgCh. 4 mM 
containing 10 u. RNA 5 * 10X first ^^^^tTi^CQl) at 10 mM. 5 ul 100 ug/m. 
Dm 5 ul of a nucleotide mixture containing each ot tne ' ™ r * 50 units of rev erse transcnptase. 
SSX-. 5 * dCTP - V.'^'STSTJ cD^ntnesized was ca.cu.ated from the 
The reaction was incubated at 42 C for 1 hour JJ^TJS^na duplex was denatured by heating in a 
Lcorp^Son of »P-dCTP into the J?SSSJJl« then added to the 50 u. first 

boiling water bath for 1.5 minutes then ™ m ° M HE PES pH 6.9. 100 mM KC. 20 mM 

strand reaction mixture: 50 Ul 2X second strand ^ , (50 u/ul). The reaction moc was 

MgCfe). 1 Ul of a 10 mM dNTP mixture and 2 U DNA p^mera , v acetate pH 4 4> 250 mM 
mcubSed at 15* C for 5 hours. Al IM t time rtSl The incubation was continued for 

sodium chloride. 1 mM ZnCfe) and 500 units of S1 n" c ^ *ere ao p henol:chloroform 
1 hoTaTS" C The products of the S1 reaction ^re exfracted * ^ J (50 mM Tris . HC l 

30 11 llfandpredpftatedwift and 1 u. of Eco N 

Q H 75 1 mM EDTA, 5 mM DTT) to which 2 ul 100 nw » " » 37 *C for 15 minutes followed 
^toyLe (1) U/u.) ^^^TeSSiweSS ^SSftf Jo.1 M 2.5 U. 0.2 mM 

by 65* C for 10 minutes. The ends of the cDNA were « lle ° y * the filWn reac tion to proceed to 
d(AtGT)TP and 1 ul DNA polymerase 1 (SU/ul) to ^J£**™? 0 he * o|:cnloroform (1.1 v/v) and ethanol 
3s Kls at room temperature. Tne cDNA ™^^^Z Eco R. linkers (0, mg/ml). 5 u 
precipitated. The pellet was dissolved in 32 ul HaO. iu ui P" P » n feaction was the n 

?0X Sgase buffer, and 3 U. of ™ DNJJJ-MP .1m I (6We^ un J. ^ ^ Q for 1Q mjnut d 
incubated at 15* C for 16 hours. The DNA ye was ™^ 1 J 1Q u , l0X Eco R , buf fer and 3 ul 
Eco R. linkers were digested for 2 hours at 37 C J^J*^ ^ digsolv9d in 20 u , tXTBE and 
40 Eco Rl (20 U/ul) to the DNA The cDNA was then P«f P'J 8telned ^ ethldium bromide 1 
" sSected to electrophoresis in a 6 % ^^SX^A >0.5 kbp was cut out and DNA 
ul/mn to visualize the cDNA in the gel. A slice of the gel electro eiuted cDNA was extracted with 

wafted by e.ectroelution of the cDNA into a dialys, ; b^Jh Qne u , of tne cDNA was 
^chloroform (1:1 v/v). precipitated ««U ^STS^ ™ <**™ ned USi " 9 ™ WpM t 
bunted in a liquid sanation ^^^^^^crogram of Xgt10 arms that Had been cut 
radioactivity of the *P-dCTP used in * e J^^"™ 5 ^, to 30 ng of cDNA in a volume of 5 UL The 
to completion with Eco R. and ^^^^^a^) as per manufacturer's instructs. 
ZttttSSSZtt - su* a procedure. 

Isolation of cDNA clone P6 

. c ten mM lb soar plates containing 10 mM MgClz 

Approximately 10.000 phage wer plated outon 5^150 mf^LB ag ^ ^ ^ me |ibrary 

tt^SS^SSX SS E* S« M NaCI lor 30 seconds to 1 minute- The 
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70 



75 



20 



sl-jse: Crisis — — ^ 

pie 1. cDNA probes were preP^edfrom pdy ™J™ following modifications: One microgram 

described for first-strand cDNA synthesis p «jJ TjSSlP (10 n» were used in the reaction^ 
of poly(A)* RNA 2.5 Hi of 1 mM dCTP and 10 W ™, v M NaQH ^ 

Foltowing probe synthesis, fte RNA template ^J^^MM "of 1*5 Ul 2 M Tris-HCI pH 8.0 
incubating the cDNA at 65* C for \^^^SS^ uni^rated .abe. on a Sephadex® G50 

^ b »^ EDTA - * ac « ons e,utin9 in * e void vo,wne 

were pooled, ethanol precipitated and dissolved Hj O. Denhardt's solution. 50 mM 

Replica fitters were prehybridfeed ir i. •**» d ^fj£ n 4 *J replaced witn hyb ndization buffer 
sodiuim phosphate pH 6.8 at 42 CI fa. 5 l-J-JJ ^ ng P s x 10 i cpm/m. of probe using 
(prehybridization buffer containing 50% ^^J^^^Son^ide-treated roots. Hybridizations 
RNA from either untreated or ^"^^^^^S twice at room temperature for 1 hour 
were incubated for 24 hours at 42 C The fitters wera then w^ sn ^ ^ ^ 

with 2X SSC. 0.1% SDS. A final wash was ™f * e **^ s C« m screen . 
hour. Rtters were exposed to X-ray ttnat-* Cfor 6 n»n w«J from N-(aminocarbonyl>-2- 

Plaques hybridizing more strongly witn ine y differential screen. These 

cnioroSnzenJ^onamide-treated roots ^S7Sj^P»X^ ^ 0 5 ml ° f SM " ^ 
plaques were removed from the plates writ, 100 J^J^jT, 1 b y repeate d differential screening 
purification was performed on these phage -"^JZfZSfc in £ banner was designated P6. 
25 using the hybridization procedure descnbed atove.^clone p^rnea eluted from one plaque to 

A liquid lysate of P6 |tV « ,^^ b J n ?^5i„glo 1 NZCYM (per liter. 10 g NZ amine 5 
100 ul of an overnight culture of E.co . BNN102 ^ culture . After 

g yeast extract. 5 g Nad, 1 g casam.no acids. * 9 MflSC^pH ^ occurred . The lysate was cleared by 
5 hours of growth at 37' C. complete lysis fj^.^^ ^ xhe supernatant was transferred to a 
30 oentrifugation at 10.000 rpm for 10 mmutes .n a ^rvafl SS34 rotor^nd re J ectivelv and m , ysat e was 
clean tube. RNAse A and DNAse 1 were added to JO £ 2.5 M NaC. were added to the 

incubated for 15 minutes at 37 C. One-fift* vo "™ * 2 ° * room tem pe r ature. The phage were collected 
lysate and phage were allowed to precprtate for 15 «»esa room te P Qed ,„ 0 5 ml 4% PEG 

at 10.000 rpm for 10 minute* ^^^^^L^ were exacted with 0.5 ml phe- 
35 6000. 0.5M NaCl and transferred to a microfuge tuoe. me p was collected by 

" nohchloroform (1:1 ^.^^^ O^^^**^" 1 

rss a — "~ ^s-^, s= «™ horesis - * M of ■* ys,s 

showed that the P6 cDNA done conned a ^JJ*^2»r Xgt10 to the plasmid P UC1 19. Ten ug of 
The Eco R1 insert of P6 was su ^^ om .^^ n p rod ucts were subjected to electrophones 
P6 ONA was digested to completion wrth Eco Rl and *JJ»"^ „ t was cut out and placed in a 
on a 1% agarose gel. A P^f«**£^^ 0 ™ pH 7.8. 2 mM EDTA). The DNA was 

piece of dialysis tubing containing 0.5 mr IXTAt tu^ w. containing the DNA was removed 

electroeluted from the gel piece at 100 , votts for 15 ^X^^Tv/V). and DNA was precipitated with 
,s from the bag. extracted witti ^^^Z^^^^^ was digested to compietion with Eco 
ethanol in the presence of 0.3 M sodium acdate. l^ ™* m etnanoK E quimolar amounts of vector 
R1. extracted with phenohchloroform < 1:1 v/v). W *^ ot d the Hgation mixture was used 

and insert were figated in a volume of 10 ul at 15 C for 2 houre J* wer e grown overnight at 

1 19. The resulting clone was designated P6.1. M / aminnr » r bonvlV2-<*lorobenzenesulfonamide-treated 
Ten ug (2 mg/ml) d total RNA from ^'^^^^.t^ehyde. 4 ul 5X MEN buffer (40 
roots was denatured by adding 10 *£*72SEffi Stating at 65* C for 15 minutes. The RNA 
mM MOPS pH 7.0. 10 mM sod,um aoetete 1 ^^^^ ialdehyde and 1X MEN until the 
was subjected to electrophoreses nalW aga«« » ^ in the presence of 10 mM sodium 

bromphenol blue had migrated to the bottom d the gel. hna was 
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. c nH 6 8 and 1 ao/ml acridine orange for 30 minutes. The gel was then destained in 10 mM 
phosphate pH 6* and 1 ^mi acnaine o g vteuafaBd on a UV transilluminator. photographed, and 

glass plate so that the ends of the paper extended into 20X SSC. A sheet 

9 \T „. „ v ee r was _, aced on t0D of the gel followed by a layer of Whatman 3MM. then a siacx ot 
Tris-HCI dH 8 0 01 M MgSO*. 10 mM DTT and 0.5 mg/»l BSA), 5 Ul 0 J UM «Attl )!>-.= »' ™ 

in polyethylene food wrap and exposed to X-ray Wm at ^ ^ '° r i ° fr N -(aminocarbonly>-2- 

potentially a full-length cDNA clone. 

Sequence Analysis of the cDNA clone P6.1 

The nucleotide sequence of clone P6 was determined by sequencing a nested se, L^t'^nNASe 
geneTafod J™— * ^^^^^^^^ 

digestion) and Xho I (5 overhang which is se to J*° m> The dna was e 
were added and the mixture was incubated at 37 C. Aliquote of 2.5 ul aH47 600 mM NaCI, 

nokchloroform (1:1 v/v), precipitated with eftanol and resuspe ^d« I « 20 * * ^ 0NA 

Tris-HCI P H 7.8. 25 mM NaCI. 10 mM MgCI*. 20 mM DTT 1 J^TP. °- J^J^™* 15* C. Ten 
ligase and 2 units of Klenow fragment were added and *% m ^.^ S J'S™ aliquots of the 

of the ligation mixture was used to transform compete* JL a* *«™™gZ SnS from each 
transformation mixture were spread onto LB plates «2T?cSJ^^SLoS for sequencing that 
transformation were analyzed for insert sae. and a series of clones we e ^ ec «° ^ 
represented deletions of the inttial cDNA 

stranded DMA from those clones were sequenced using the Mi 3 reverse pnmer «* 
chain termination described in Example 1. 

Isolation of a genomic clone corresponding to P6 cDNA 



50 



55 



37 



EP 0 388 186 A1 



70 



15 



20 



25 



30 



35 



40 



45 



50 



pellet was resuspended in 100 ml Buffer A and centrifuged as before. The pellet was mended in 100 
ml Buffer B (Buffer A containing 0.4 % Triton X-100). held at 4 C for 10 minutes, cerrtrtfaged - 
Tne resulting pellet was resuspended in 100 mi of Buffer B and the centnfugahon was repeated at 2000 
rp m for 10 minutes, yielding a crude nuciear pellet This pellet was resuspended ,n 4 ml 50 mM Tns-HO 
pH 8 0 and 20 mM EDTA to which 0.5 ml of 10% sarkosyl was added. The solution was incubated at 60 C 
lor 5 mis and then cooled to room temperature. One-tenth ml of a 5 mg/m. proteinase K tfUon w-> 
added and the incubation was continued at 37* C for 4 hours with gentle 

solution was measured and 1 g solid cesium chloride was added per 1.3 ml of solution. Ethidin bromide 
waf Sd^ to 0^ mg/m. and'he density adjusted to 1.55 g/m. with CsCI. The DNA wa^banded by 
ce^trifugation at 40.000 rpm for 30 hr at 15* C in a Beckman 70.1Ti rotor The band ^^ ^0 
CsCI gradient by side puncturing of the centrifuge tube. Ethidium brom.de was removed from the DNA by 
repeated extraction with isoamyl alcohol equilibrated with TE P H 8.0. The DNA was then dialyzed against 5 

^2^J£Z2^£ZZ*« of petunia genomic DNA by performing piloUestriction 
diaests Ten ug of DNA was brought up to a volume of 150 ul with the appropnate restriction buffer. Thirty 
^altuoL of L DNA was dispensed into a microcentrifuge tube labelled #1. Fifteen ul were dispensed 
1 seven tubes labelled # 2*. and the remainder into tube #9. Ail tubes ^werc cMled on ice^Sa . 3A (4 
units) was added to tube #1 and the contents of the tube were mixed well. Fifteen ul from tobe #1 was 
adSd Ttube #2. This twofold serial dilution was continued through to tube M, aid ail tubeajnoibated at 
37* C for 1 hour. The restriction digestions were stopped by chilling the tubes to 0 C andaddin gEDTAto 
20 mM. The samples were subjected to electrophoresis through a 0.8% agarose ge I at 1-2 V/cm. The 
enzyme concentration which yielded maximum intensity of fluorescence in the 15-20 grange was 
oeSned after ethidium bromide staining of the gel. Haif of the enzyme/DNA rati 
chosen for the preparative digestion of genomic DNA in order to maximize yield of DNA fragments in the 
r^kbp size rX. That enzyme concentration ranged between 0.06 and 0.25 units of Sau 3A per ug 

DN/ Three hundred ug of DNA was divided into 3 tubes: 1/4 in tube #1. 1/2 in tube #2 and 1/4 in tobe 
andTrconcentration of DNA was adjusted to 67 ug/ml. Sau 3A was added * tube #2 at toe final 
concen^on which was thought to maximize for 15-20 kb molecule* Tube #1 ™^ ™ !£ «^ 
concentration while tube #3 contained twice as much Sau 3A All reactions were incubated ert 37 C for 1 

After stopping the digestion as above, aliquots from each of the digestions were analyzed 
gel electrophoresis and the appropriate digestions containing maximum amounts of «*J^S 
were pooled The pooled sample was loaded onto a 10-40% sucrose gradient in 1 M NaCI. 20 mM Tri HCI 
dH sTnd 5 mM EDTA and centrifuged at 26.000 rpm for 24 hours at 20 C in an Beckman SW41 rotor. 
Fractions <5 ?5 ml were collected L the gradient and 15 ul of every third fraction were analyzed by 
agarose gel electrophoresis. Fractions containing 15-20 kbp DNA fragments were pooled and d,atyzed 
aS 4 liters TE for 16 hours at 4'C. After dialysis, the volume of DNA was reduced to 3-5 m by 
rSaSd e^vl 2-butanol. fo.iowed by precipitation of the DNA wi* ^ ,ano. in the presence of 0.3 
l» ~ thpi dna was dissolved in TE at a concentration of 300-500 ug/ml. 

G^o^TSa wa^ ™£d I to B^ H?cut and dephosphory.ated EMBL 3 arms (Stratagene) according 
to the m^re^nSctions using 2 fold molar excess of vector to insertThe ^J^fift 
using Gigapack extracts (Stratagene). A library was plated by adsorbing 20.000 I phage to *> (> ul of an 
overnight culture of E. coli LE392 for 15 minutes at 37 C. A 7.5 ml aliquot of molten ag^se 0-B p^s 
08% agarose at sTcTwas added the bacteria and the culture was spread on 150 mm LB plates 
containing 10 mM MgSCv A total library of 260.000 phage was plated in *.s manner. 

The aenomic library was screened for P6 genomic clones using the cDNA insert from the P6.1 clone as 
a prloe T^Tm One insert was cloned into the transcription vector BS(-) (Stratagene^ Ten^ ug of P6.1 
waJ digested I to completion with Eco R1 and the resulting DNA fragments were separated by agarose - gel 
T^nSILr The cDNA insert fragment was electrocuted from the gel. extracted with an equal volume 
^enSmfon^ (EiS and^cipitated with ethanol. Ten ug of vector pBS(-) DNA was digested to 
imSfS eS S wtth extracted phenohchloroform (1:1 v/v) and precipitated with ethanol. Insert and 
^wTreXateTtogeZ in a final volume of 10 ul for 2 hours at 15* C and an aliquot of the ligation 
nSu e wat *en use^rtransform competent E. coli JM83. The transformation mixture was plated out on 
^Z^ZSrn g/m. ampidllin which "hadbeen spread with X-gal and IPTG pnor to plating of 
fJSl SmaHcate plasmid preparations were performed on white colonies and DMAs were digested wrth 
m A w^cSg LTesired P6 cDNA insert in the vector pBS(-) was identified and named 
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P6.11. 



TO.11 was linearized by digestion with Bam HI and o^P UTP labelled RNA transcript was made from 
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the plasmid using T3 polymerase following th manufacturer's protocols (Promega Biotech Inc.). Nitrocel- 
lulose replicas of the petunia genomic library w re made and prehybridized for 3 hours as described earlier. 
The prehybridization solution was replaced with hybridization solution containing the p6.11 RNA probe at 2 
x 10 s cpm/ml. Hybridization was performed for 24 hours at 42 "C with gentle agitation. The filters were 
s washed twice with 2X SSC, 0.1% SDS at 42* C, followed by two washes with 0.1X SSC, 0.1% SDS at 
42* C. The fitters were exposed to X-ray film at -80* C for 24 hours using a single intensifying screen. Three 
phage displayed strong hybridization to the probe were plaque purified as described earlier and designated 
phage 1, 2 and 3. 

70 

Characterization of genomic clones 

Phage were grown in liquid cuclture by inoculating 300 ml of NZCYM media with 10 t0 phage which had 
been previously adsorbed onto 1 ml of an overnight culture of E. coli LE392. The infected culture was 

75 grown at 37* C with shaking until complete lysis of bacteria occurred (generally by 7 hours). Cellular debris 
was removed from the lysate by centrifugation, and the supernatant treated with 1 ug/ml of both DNAse and 
RNAse for 1 hour at room temperature. Solid sodium chloride was added to 1 M, and PEG 6000 added to 
10% (w/v). The phage were allowed to precipitate overnight at 4* C, and then collected by centrifugation in 
a Sorvall GSA rotor at 7000 rpm for 15 minutes. The phage pellets were resuspended in SM and 0.75 gram 

20 cesium chloride was added per ml SM. Gradients were centrifuged in a Beckman 70.1Ti rotor at 38,000 rpm 
for 24 hours at 15* C. Phage bands were collected from the sides of the tubes and diaiyzed overnight at 
4* C against 10 mM NaCI. 50 mM Tris-HCI pH 8, 10 mM MgCl2. DNA was extracted from purified phage by 
adding sodium chloride to 20 mM, pronase to 0.5 mg/ml and SDS to 0.5% followed by incubation of the 
resulting solution at 37* C for 1 hour. The sample was diaiyzed against TE pH 8 and precipitated with 

25 ethanol. This yielded approximately 250 ug of phage DNA. 

Phage ONAs were digested with Sal I to excise the insert DNA from vector. Agarose gel electrophoresis 
of digested DNA showed that phage 1, 2 and 3 contained inserts of 13, 14 and 10 kb respectively. By 
further restriction enzyme digestions and hybridizations to the cDNA clone P6.1, restriction maps were 
generated that indicated that the inserts of all three phage overlapped one another and were fragments of 

30 the same region of petunia DNA. 

Two Eco R1 fragments of 0.6 kbp and 1.8 kbp from phage 1 and phage 3 were found to hybridize to 
cDNA P6.1 in mapping experiments described above. These fragments were separated by a 5 kbp non- 
hybridizing Eco Rl fragments. This suggested either the presence of a large intron in the P6 gene or the 
existence of two genes homologous P6.1 on the same genomic DNA fragment. To address these 

35 possibilities, the two Eco R1 fragments were subcloned and sequenced. Ten ug of phage 1 DNA were 
digested to completion with Eco R1 and the products were separated by agarose gel electrophoresis. The 
1.8 and 0.6 kbp fragments were electroeiuted from the gel, extracted with phenol:ch!oroform (1:1 v/v) and 
precipitated with ethanol. Each fragment was ligated into Eco Rl and digested pUC119 DNA in a final 
volumes of 10 u\ for 2 hours at 15* C. The ligations mixtures were used to transform competent & coli 

ao JM83 cells. Aliquots of the transformation mixture were plated out on LB plates containing 75 g/ml ampiciiiin 
which had been spread with X-gal and IPTG prior to plating of bacteria. Small scale plasmid preparations 
were performed on white colonies and the resulting DNAs were digested with Eco R1 . Subclones containing 
the desired 0.6 and 1 .8 kbp fragments were chosen in both possible orientations to facilitate sequencing the 
ends of the fragments. These two orientations were identified by digesting subclones with Sal I for the 0.6 

45 kbp fragment and Pvu II for 1.8 kbp fragment The resulting plasmids were designated P619 and P620 (two 
orientations of the 0.6 kbp genomic fragment) and P621 and P622 (two orientations of the 1.8 kb genomic 
fragment). 

Plasmid DNAs were sequenced by dideoxy chain termination method using 35 S-dATP as described in 
earlier examples. Sequence analyses showed that the 1.8 kbp Eco Rl genomic fragment contained a gene 
so with perfect homology to the P6.1 cDNA while the 0.6 kbp genomic fragment contained a closely related 
gene. The homologous gene is the 1.8 kbp EcoR I fragment was designated gene P6.1 



Mapping the endpotnts of Gene 1 

A primer extension analysis was performed to determine the 5' end of the P6 RNA. An oligonucleotide 
complementary to the coding strand in the P6 gene from 12*33 bases downstream of the first in-frame ATG 
was synthesized using an Applied Biosystems DNA Synthesizer. The oligonucleotide, 5~ 
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CCACTAAGACAATCTAAAQACC-3' was end-labelled with 32 P by dring 50 uCI of o-^ATP in a microfuge 
tube using a Speedvac centrifuge. Two ill of olignucleotide (2.5 pmole/ul). 2 ul 5X kinase buffer (125 mM 
Tris-HCI pH 9.5, 25 mM MgCfe, 12.5 mM DTT, 2.5 mM spermidine, 0.25 mM EDTA) and 1 ul T4 
polynucleotide kinase (10 U/ul) were added and and the tube was incubated at 37 *C for 15 minutes. 
Labelled olignucleotide was separated from unincorporated label by ethanol precipitation in the presence of 
ammonium acetate, followed by ethanol precipitation in the presence of sodium acetate. The pellet was 
dissolved in 50 ul of TE and 1 ul was counted by emission of Carenkov radiation. The incorporation of 
by this method was 3-8 x 10 6 counts per pmole of oligonucleotide. Ten ug of RNA from the roots of both 
untreated and N-(aminocarbonyl)-2-chIoroben2enesulfonamide-treated plants were annealed to 0.2 pmoles 
of oligonucleotide in a volume of 10 ul in 0.25 M KCI, 2 mM Tris-HCI pH 7.9 and 0.3 mM vanadyl 
ribonucleoside complex (BRL) at 37° C, 45* C and 55* C for 3 hours. To the annealed RNA, 23.5 ul of 
primer extension mix (10 mM MgCI 2 . 5 mM DDT, 20 mM Tris-HCI pH 8.3, 0.33 mM d(GATC) TP, 100 
ug/ml actinomycin D) and 0.5 ul (10 units) avian reverse transcriptase (Life Sciences) were added and the 
mixture was incubated for 45 minutes at 37* C. The nucleic acids in the reaction were precipitated with 
ethanol and dried. The pellet was dissolved in 3 ul of 0.1 M NaOH, 1mM EDTA and the solution was left at 
room temperature for 30 minutes to hydrolyze the RNA template. Six ul termination dye (Example 1) was 
added and the sample was heated at 80* C and quick-cooled. The primer extension products were 
separated on a 6% denaturing polyacrylamide sequencing gel. A 110 bp long primer extension product was 
observed, predicting an untranslated leader of 68 bp. 

To determine the 5' endpoint of the P6.1 gene, two fragments of the gene were subcloned for RNAse 
protection analysis. Both fragments span the first in frame ATG downstream by 40 bases (to a Nhe I site) 
and upstream by either 130 (a Dral site) and 300 ( a Spe I site) bases. Twenty ug of P622 DNA were 
digested with to completion with both Spe I and Nhe I. A separate aliquot of P622 was digested to 
completion with Dra I and Nhe I. The digestion products were separated by electrophoresis on a 5% 
acrylamide gel, and 340 bp Spe l/Nhe I and 170 bp Dra l/Nhe I DNA fragments were cut out of the gel and 
recovered by electroelution. The DNAs were extracted with phenolichloroform (1:1 v/v) and precipitated with 
ethanol. These fragments were subcloned into the transcription vector Bluescript* (BS + ) (Stratagene). To 
accomplish this, 10 ug of BS+ was digested with Sma I and Xba I to subclone the Dra l/Nhe I fragment 
and Spe I and Xba I to subclone the Spe l/Nhe I fragment. BS( + ) DNA was then extracted with 
phenolichloroform (1:1 v/v) and precipitated with ethanol. Ligations were performed at room temperature for 
2 hours in volumes of 10 ul. An aliquot of the ligation mixture was used to transform competent E. coli 
MV1193 using an X-gal selection. Small scale plasmid preparations were performed on a number of white 
colonies and the DNAs were digested with Eco R1 and Sac I. A colony containing a plasmid with the Dra 
l/Nhe I fragment in BS( + ) was identified and designated P644. A colony containing a plasmid with the Spe 
l/Nhe I fragment in BS( + ) was identified and designated P645. 

RNA probes complementary to the coding strands in both P644 and P645 were synthesized in the 
following reaction: 50 uCi ^P-UTP, 2 ul 5 X transcription buffer (200 mM Tris-HCI pH 7.5. 30 mM MgCfe. 
10 mM spermidine), 0.5 ul 0.2M DTT, and 0.5 ul of either T3 polymerase (plasmid P645) or T7 polymerase 
(plasmid P644). Incubation was carried out at 40* C for 1 hour. The DNA template was hydrolyzed for 15 
minutes at 37* C by addition of 30 ul H 2 0, 1 ul RNAsin, 2.5 ul vanadyl ribonucleoside complex, 6 ul 5 X 
transcription buffer and 1 ul DNAse 1 (1 mg/ml) to the transcription reaction. The reaction was extracted 
with an equal volume of phenolxhloroform (1:1 v/v). The RNA was precipitated once with ethanol in the 
presence of ammonium acetate and once with ethanol in the presence of sodium acetate. The pellets were 
dissolved in 25 ul of TE. Ten ug of RNA from untreated and N-(aminocarbonyl)-2- 
chlorobenzenesulfonamide-treated plants were mixed with 1 x 10 6 cpm of each of the two probes in 30 ul of 
hybridization buffer (40 mM PIPES pH 6.7, 0.4 M NaCI, 1 mM EDTA). The mixture was then overlayed with 
30 ul of mineral oil and hybridizations were carried out at 45* C for 16-24 hours. Single stranded RNA was 
selectively digested by adding 30 ul RNAse A and RNAse T1 to 40 ug/ml. and 2 ug/ml respectively in 10 
mM Tris-HCI pH 7.5. 5 mM EDTA, and 300 mM NaCI. Digestion was carried out at 30 C for 1 hour and 
RNAses were inactivated by the addition of 20 ul 10% SDS and 50 ug of proteinase K followed by a 15 
minute incubation at 37* C. The reaction mixture was extracted with phenol xhloroform (1:1 v/v) and the 
RNA hybrids were precipitated with 1 ml of ethanol after addition of 20 ug carrier of yeast tRNA. The 
pellets were dried and dissolved in formamide loading buffer. The samples were denatured at 90 C for 3 
minutes and analyzed on a denaturing acrylamide gel. Protected fragments of 110 bp were observed in 
induced but not control RNA using both probes. These results agree with the predicted transcriptional start 
site from the primer xtension analysis. The sequence of th P6.1 gene 5 to its translation start site is 
shown in Figure 8. The arrow indicates deduced transcription start site. 

The 3' end of the gene was deduced from comparison of genomic and cDNA done sequence data. 
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Construction of p614 

A 4.5 kb Hind Ill/Sal I genomic fragment from phage 2 containing the P6.1 petunia gene was subcloned 
into pUC118. 20 ag of the genomic phage 2 was digested with Hind III and Sal I, and the products 

5 separated by agarose gel electrophoresis. The 4.5 kb band containing the gene was isolated by elec- 
troelution as described earlier. Ten jig of pUC118 was digested to completion with Hind HI and Sal I and the 
vector was then purified from the polylinker fragment by chromatography on Sepharose® CL-2B 
(Pharmacia). Vector and insert were (igated together in a volume of 10 ul overnight at 15* C, and a portion 
of the ligation mixture was used transformed competent E. coli JM83. Aliquots of the transformation mixture 

w were plated out on LB plates containing 75 g/ml ampicillin which had been spread with X-gal and IPTG prior 
to plating of bacteria. Small scale plasmid prearations were performed on white colonies and DMAs were 
digested with Hind 111 and Sal I until a colony was found that contained the 4.5 kb Hind Ill/Sal I genomic 
fragment containing the petunia P6.1 gene. This plasmid was designated P614. 

75 

Construction of P654 

Convenient restriction sites were introduced into the P6.1 petunia gene at the translation start and stop 
sites of the P6.1 coding region to use the regulatory regions from the inducible petunia gene to test if they 

20 could be made generally useful for expressing foreign coding regions in transformed plants. Site-directed 
mutagenesis was performed on P61 4 to introduce an Nco I site was at the translation initiation ATG of the 
gene using the oligonucleotide 5-CGTT AGCC ATGGTTATGCTTA-3' . The methods used to accomplish this 
mutagenesis were described in Example 1. The plasmid resulting from the addition of an Nco I at the 
translation start site of the P6.1 gene fragment in P614 was designated P653. The plasmid P653 was further 

25 mutagenized using the oligonucleotide 5'-GCATATGCATAGATCTTATTGAATTCC-3' to introduce a Bgl II 
site at the translation stop codon of the P6.1 gene. The resulting final plasmid construction, containing a 
petunia P6.1 gene with Nco I and Bgl II sites bounding the coding region of the P6 protein coding region, 
was designated P654 (Figure 9). 

30 

EXAMPLE 6 



35 Isolation of the T2.1 Tobacco Gene 



Isolation of cDIMA T2 

40 The procedures described for the isolation of the petunia cDNA clone P6.1 in Example 4 were repeated 
using N. tabacum (Petite Havana SRI) as the starting plant material. Differential screening of the resulting 
tobacco cDNA library prepared using poly(A) RNA from the roots of N-(aminocarbonyl)-2- 
chlorobenzenesulfonamide-treated tobacco plants identified a cDNA clone representing an N- 
(aminocarbonyl)-2-chlorobenzenesulfonamide-inducible mRNA species. This clone was designated T2. 

45 The insert from T2 was subcloned into the vector pUC119 as a single Eco Rl fragment using methods 
described in Example 4 for the sucloning of the insert of the P6 cDNA clone. The resulting plasmid 
containing the 1 kbp cDNA insert from cDNA clone T2 in the Eco Rl site of pUC 119 was called T2.1. The 
same 1 kbp Eco Rl cDNA fragment was also cloned into the Eco Rl site of the vector pBS («), with the 
resulting plasmid being designated T2.1 1 . 

so A Northern blot of total RNA from the roots of untreated and N-(aminocarbonyl)-2- 
chlorobenzenesulfonamide-treated tobacco plants was probed with nick-translated T2.1 to determine the 
size of the corresponding T2 mRNA. The methods used for these procedures were described in Example 4. 
The T2.1 plasmid hybridized to an mRNA of 800 nt in RNA from the roots chemically treated plants, but not 
present in control plants. This indicated that cDNA T2 represented an N-(aminocarbonyl)-2-chloro 

55 benzenesuffonamide-inducible mRNA species, and the insert in the cDNA clone was fulMength. The fact 
that the RNA appeared smaller than the cDNA clone suggested that T2 may contain some artif actual 
sequence generated during its cloning. 

The DNA sequence of T2 cDNA was determined by analyzing a set of deletions of T2 prepared as 
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described previously. Examination of th sequence reveaied that T2 contained a perfect inverted repeat 
from bases 11 to 164 and 518 to 671. Since the open r ading frame begins past base 164, it was assumed 
that th first 164 bases were an artifact of cDNA synthesis and/or cloning that gave rise to a cDNA larger 
than its corresponding mRNA. The predicted peptide encoded by the T2 cDNA contains the same number 
5 of amino acids as the petunia gene P6 and is 95% similar at the amino acid level. It was therefore assumed 
that the T2 cDNA clone from tobacco represented a gene which is homologous to the petunia P6.1 gene. 



Isolation of genomic clone T2.1 

70 

A genomic library was prepared from SRI tobacco as described in Example 4. A ^P-RNA probe was 
synthesized with T7 DNA polymerase using the cDNA insert of T2.1 1 as a template and and the resulting 
RNA transcript was used to screen the SRI genomic library as described earlier. From this screening, a 
plaque was identified with homology to the T2 cDNA. This phage was plaque purified and designated phage 

75 #9. DNA purified from phage #9 was digested with the restriction enzymes Eco Rl. Bam HI, and Sal I and 
the resulting restriction fragments were separated by agarose gel electrophoresis and blotted to nitrocel- 
lulose. The blot was then prehybridized and hybridized with nick-translated T2.11. Results of this blotting 
experiment revealed that the cDNA probe hybridized to a unique 5.0 kbp Bam Hl/Eco Rl fragment. This 
Bam Hl/Eco Rl fragment, believed to contain a complete copy of the T2 gene, was then cloned into the 

20 vector pUC118 that had been digested to completion with Bam HI and Eco Rl. The resulting plasmid was 
called T217 (Figure 10). The gene contained within phage #9 was designated T2.1. 

The 5 end of the T2.1 mRNA was mapped by primer extension analysis. The oligonucleotide used in 
this analysis was the same one chosen for analysis of the 5 end of the petunia P6.1 mRNA. This resulted 
in one mismatch relative to the tobacco gene positioned in the center of the oligonucleotide. Annealing of 

25 the primer was therefore performed at a lower temperature for the tobacco mRNA (25* , 30* . and 35* C). 
Primer extension was then performed as described in Example 4. The primer extension product observed in 
this analysis was 110 bases long; exactly the length of the extension product observed using the petunia 
P6.1 mRNA as a template. This indicates that the 5' untranslated leader in the T2.1 mRNA was also 68 bp. 
It is anticipated that those skilled in the art will be able to identify the promoter and downstream 

30 regulatory regions of the T2 gene by following methods and procedures described in Example 4. Later 
examples teach the use of such regulatory regions. 



EXAMPLE 7 

35 



Construction of Recombinant Genes Whose Expression are Controlled by 2-1 Corn Promoter and 3^ 
Downstream Region " ~~* ™ ~~~* ~ ^ ~ 

40 

Construction of plasmids pJE 514 and pJE 516 

Plasmids p484-1(Nco I) and p484-62 (Bgl If) from Example 1, which contained convenient restriction 
45 sites at the start and stop sites respectively of the 2-1 structural gene were used to create a new 2-1 gene 
from which the native coding sequence could be easily removed and replaced with foreign structural gene. 
Introduction of such a recombinant gene into transgenic plants should place expression of the foreign 
coding region under the control of substituted benzenesuffonamides. 

To construct this new 2-1 gene, pJE 484-1 (Nco I) (Figure 5) was digested to completion with Eco Rl 
so and Sma I, and 10 ug of digested DNA was subjected to electrophoresis on a 1% agarose gel overnight at 
20V. The gel was stained with ethidium bromide and the DNA was visualized on a long wave UV 
transilluminator. A small trough was cut in the gel just ahead of the desired 7 A kb insert fragment The DNA 
was electrocuted into this trough at 300 V and buffer containing the DNA was transferred to a microcen- 
trifug tube. The purified DNA fragment was then extracted with an equal volume of phenohchloroform (1 :1 
55 v/v), ethanol precipitated and resuspended in 10 ul of H 2 0. The plasmid pJE 484-62(Bgl II) was digested 
with Eco Rl and Nco 1, and a 1 .3 kb fragment was gel-purified in the manner described above. The 7.8 and 
1.3 kbp DNA fragments were ligated together in 10 ul of 1X ligate buffer as described in earlier examples 
and the ligation products were used to transform competent E. coli JM83 ceils. Small scale plasmid 
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TO 



75 



prepares were performed on transformed ^"^SSl ^TJ^^thTe 

(referred to as GUS) [Jefferson R.. Proc ^^^Tfra^ent The identical 1.8 kbp 

sequence was isolated from the plasm.d pJJ 3892 as a 18 topNco ^ a ' e7884 m6 described 

Nco l/Xba I fragment is available in P 1 ^"^ 3 *" SJ^T^^Z- To this end pJJ 3892 
in Example 9). and thus pJJ 3431 can be ^rim wwe blunted using the Klenow 

was digested to completion with Xba "J^ <£££Si. °3JSJS! with phenolioform (1:1 
fragment of DNA polymerase I as described in ^V^^^^^ , and the resulting DNA 
J) and ethanol precipitation, the DNA -as digested to completon wrth Nco ^ fc me 

fragments were separated by agarose gel J^^T^^pjE 514 that had been digested to 
2-1 structural gene. This plasmid was designated pJE 516 (F.gure 11). 
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Construction of plasmid pDuPE2 

gma-1 3' MM «#» h*» 516 DNA with 25 units of Hpa 1 

Lon»nts. T1» daletlon aortas «*> ZTZ^£f£tt?££)LB. and 1 mM DTT in a M 

SK 3 SSJM^S?~i *— * ™ «"~d»d ONA was recovered by 

concentrators m Iba reaction ts.ro 20 mM Tns-HCI pH & 12 ml* W'*'^ (Bethosde Research Labs) 
Ti» M 3. OgMW was earned not » >M»M W o. 2.5 n, 5 

was extracted with phenoirchlorotorm (1:1 v/v) and e*anol P££^, fo« 0 ws: DNA was dissolved in 60 
were rendered blunt using the Klenow 0.5 mM dNTPs and 

u. of 66 mM Tris-HC. pH 7.6. 66 mM Mg^.52 _mM NaO. The DNA was then 

10 units of Klenow. The reaction was M^**™™^*^^ gel was strained with 1 ixg/ml 
fractionated by electrophoresis in a 0 7% ^J^^^S^ftL desired deletion length was 
ethidium bromide solution, and a gel piece cor^nmg J ^' C for 20 minutes, thawed, 

excised from the gei under UV on_The gel ' ^ ^SrSluge. The aqueous solution was 

crushed with a pipette tip. and centnfuged fo 30 irdnutes "rtM^saLm acetate and 2.5 volumes of 
transferred to a fresh tube. " ^ga^. dissolved in 20 u. of water and 

ethanol were added. The precipitated DNA was recovered Dy^mn^g . 

was setf-llgated (recyclizaBon). Ligation reactions were pa rtomed m 50 ^£g£L* for 8 hours, and 
20 mM DTT and 1 mM ATP. The ligation Tcoli HB^oTcells. Aliquots of the 

s^^^ - — - 

2XTY containing 50 ugAiri amp. Small soate plasmid W*"^ 8 ^ fesum DNA fragments were 
aliquots of th DNAs were digested to c^mpleton^Nco 1 ar^ Xho LThe r g m , maining 

analyzed by 1.5% agarose ^^^^^ZZTc^ debated P DuPE2 contained the GUS 
in each plasmid. Results from the analysis showed that one clone, oestgnawa P 
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construction of pJE 516, operably linked to a 900 bp 2-1 promoter fragment (relative to the translation start 
site of the 2-1 gene). 



5 Construction of plasmids pOoPI8 and pDuPC9 

The Bai 31 digestion protocol used to create pDuPE2 was repeated using the plasmid pDuPE2 as the 
starting material to create progressively shorter 2-1 promoter fragments. DNA was first linearized with Xho I, 
followed by Bal 31 digestion at different time intervals (from 2-5 min). The Bal 31 -digested DNA was 

to extracted with phenoUchloroform (1:1 v/v), ethanol precipitated, and S ends of the DNA were filled-in using 
Klenow fragment DNA was then further digested with Bam HI to excise the entire remaining 2-1 /GUS 
construction from the pBS( + ) vector. The Bam HI digested DNA fragments were separated by elec- 
trophoresis in a 1% low-melting agarose gel and the DNA fragments containing the deleted constructs were 
extracted as described above and iigated into the Bam Hl-Sma I sites of the vector pBluescript (S/K) + 

is vector (Stratagene). The ligation mixture was diluted four fold with with H2O. and aliquots of the 
transformation reaction were spread onto LB plates containing 50 ug/ml amp and incubated overnight at 
37* C. Small scale plasmid preparations were performed on amp-resistant colonies and DNAs were 
digested to completion with Nco I and Xho I. A series of clones containing 2-1 promoter fragments ranging 
in size from 500 to <100 bp was chosen from these colonies. The designated names of thse constructions 

20 and the length of the 2-1 promoter fragment in each is shown in Table 1. 

TABLE 1 



Construction 


Promoter 


Designation 


Length (bp) 


pDuPE2 


-900 


pDuPIS 


421 


pDuPI9 


226 
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Construction of Recombinant Genes Whose Expression is Regulated by the 2-2 Com Promoter and Various 

3 Downstream Regions 
40 2 

Construction of plasmid pHPH2Q1(+) 

Plasmid pRAJ275 (available from Clontech Laboratories, Inc. 4055 Fabian Way, Palo Alto, CA 94303) 
45 served as a source for an E. coli ^-glucuronidase (GUS) gene in this construction. The GUS coding region 
in pRAJ275 has a unique Nco I site positioned at the initiator ATG codon of the protein coding sequence.^ 

Genomic subclone 2-2#4-17 (Example 2) (320 ug) was partially digested with Nco I for 1 hour at 37* C 
using 0.5 units of enzyme per microgram of plasmid DNA. The digestion was stopped by addition of 
Na 2 EDTA to a final concentration of 20 mM and DNA was ethanol precipitated in the presence of 0.3 M 
50 sodium acetate, pH 6.0. The partially digested plasmid was dissolved in 260 ul of TE, pH 8.0 and 40 ul of 
electrophoresis tracking dye. The DNA was loaded into 4 cm X 1 cm X 2 mm wells of a 2 mm thick 5 % 
polyacrylamide gel in 1 X TBE buffer and sujected to electrophoresis at 325 volts for 4 hours. A 1.68 kbp 
Nco I fragment was recovered from each lane of the gel as described earlier. One half of the purified Nco I 
fragment was Hgated overnight in a total volume of 10 ul with 0.5 ug of pRAJ275 that had been cut to 
55 completion with Nco I and dephosphorylated. The ligation mixture was diluted to 50 ul with H 2 0, and 3 ul 
of the dilution was used to transform 60 ul of competent E. coli HB101 cells. Aliquots of the transformation 
reaction were spread onto LB plates containing 50 ug/ml amp and plates were incubated overnight Small 
scale plasmid preparations were performed on amp-resistant colonies until one was found that contained 
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1.68 kbp Nco I promoter fragment ligated into pRAJ275 such that it was operabiy linked to the 5 end of 
GUS gene. This plasmid was called pHPH201( + ). 



5 Construction of p2-2 Hind HI 3' end 

A construction containing the 3' end of the 2-2 gene that is generally useful in preparing recombinant 
genes whose expression is controlled by substituted benzenesulfonamides was prepared. Genomic sub- 
clone 2-2#4~1 1 (Figure 4A) was digested to completion with Hind HI. The 5' overhang was filled-in using the 

io Klenow fragment of DNA polymerase 1, and the DMA was extracted sequentailly with a equal volumes of 
phenolrchloroform (1:1 v/v) and chloroform. The DNA was ethanol precipitated, collected by centrifugation 
and redissolved in TE pH 8.0. The vector pUC18 was cut to completion with Sac I and Kpn I and the 
resulting 3' overhangs were removed using the Klenow fragment of DNA polymerase I. The DNA was 
extracted with phenolrchloroform (1:1 v/v), precipitated with ethanol and redissolved in TE pH 8.0 as 

75 described above. The blunt-ended Hind III digestion products of genomic 2-2#l1 (0.6 ug) were then ligated 
with 0.45 ug of the blunt-ended pUC 18 DNA overnight at 16* C. The ligation mixture was diluted to 50 ul 
with H 2 0, and 1 ul of the dilution was used to transform 20 ul of competent E. coli HB101 ceils. Aliquots of 
the transformation reaction were spread onto LB plates containing 50 ug/ml amp and plates were incubated 
overnight. Small scale plasmid preparations were performed on amp-resistant colonies and the resulting 

20 DNAs were digested with Eco Rl and Bam HI until a colony was found that contained the 2.3 kbp Hind Ul 
fragment of genomic subclone 2-2#11 blunt-ended into the Kpn l/Sac I sites of pUC18. This plasmid 
construction was called p2-2 Hind III 3' end. 



25 Construction of plasmid pHPH102 

Plasmids p2-2 Hind III 3 end and the vector pMSP r K (ATCC accession number 67723) were both 
digested to completion with Eco Rl and Hind III. Following dephosphorylation of pMSP'K, 1.6 ug of vector 
was ligated overnight with 0.38 ug of Eco Rl-Htnd III digested p2-2 Hind III 3' in a final volume of 10 ul. The 

$o ligation was diluted to 50 ul with H 2 0 and 1 ul of the dilution was used to transform 60 ul of competent 
HB101 cells. Aliquots of the transformation mixture were spread onto LB plates containing 100 ug/ml of 
both spectinomycin and streptomycin (spec/strep) and plates were incubated overnight at 37* C. Small 
scale plasmid preparations were performed on spec/strep-resistant colonies and the resulting DNAs were 
digested with Eco Rl and Hind HI until one was found that contained the desired downstream sequences of 

35 the 2-2 gene on a 2.3 kbp Eco Rl-Hind III fragment. The resulting plasmid was called pHPH102. 



Construction of plasmid pHPH 220 

40 The plasmid pHPH 102 was cut to completion with Xho I and the resulting S overhang was filled-in with 
Klenow fragment of DNA polymerase I. The blunt-ended DNA fragment was dephosphorylated as described 
in Example 1 and then cut to completion with Hind III. Plasmid pHPH201(+) was partially cleaved with Eco 
Rl by digesting it with Eco Rl at 37* C for 90 minutes using 0.85^ units of enzyme per microgram of DNA. 
Eco Rl was inactivated by heating the digestion mixture to 70* C for 10 minutes, and the resulting 5 

45 overhang was filled-in with Klenow fragment as described above. This DNA was then digested to 
completion with Hind ill and 2.1 ug of the resulting DNA was ligated overnight in a final volume of 15 ul 
with 0.8 ug of Hind (II cut pHPHl02 that had been blunt-ended at its unique Xho I site. The ligation mixture 
was diluted to 60 ul with H 2 0 and 1 ul was used to transform 80 ul of competent E. coll HB101 cells. 
Aliquots of the transformation mixture were spread onto LB plates containing 100, ug/ml of both spec/strep 

so and plates were incubated overnight at 37* C. Small scale plasmid preparations were performed on 
spec/strep-resistant colonies until one was found that contained the 3.6 kbp Hind lll-Eco Rl fragment from 
pHPH20l(+) (consisting of the 1.7 kbp 2-2 promoter/GUS coding region fusion) operabiy linked to the 2.3 
kbp of downstrean sequence originating from the 2-2 gene in the vector pMSP'K. This plasmid was called 
pHPH 220 (Figure 12). 

55 

Construction of plasmid pin 2-2(3.9) 
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the coding region of the 2-2 protein. This plasmid was designated pin 2-2(3.9). 



Construction of pTDS130 
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35 



40 



Twenty-five ug of P JE516 was digested to common £JN« . and *,o LTJj ™A *agm°nto were 
dephosphorylated with 24 units of caff '^^J^^^^J^^ as describe? above. 
p.asmid phi 2-2(35) DMA was cut to «^J2JE^ «JS3S2ad in TE pH 8.0. This DNA 
precipitated with ethane, in the presenceof 0. ^ sodium ac^and P 2 . 2(3 . 9) DNA was 

was then digested to completion with Xho ..Partial two i crea a removing 1/4 of 

performed by digesting the Xho I digested DNA ^Ple w* 1 unit of NcoJ at 37^ ^ dlti on 
the digestion mixture at 15 minute intervals. The N ~ ' di ^ 0 "J^^ P ^'^X with equal volumes of 
of EDTA to a final concentration of 40 mM. The D ^^^^^^^Z^ me8 of ethanol. 
phenol. phenol:ch.oroform (1:1 v/v) and chloroform .DNA was each 
recovered by centrifugation and redissolved ,n 10 nJolTE. d lSon Sat contained the highest 

digestion time were analyzed by agarose gel e^^phoreas to findthe «9«^"^ , digested DNA 
Jount of the desired 1.9 kbp Xho ^l-Noo . P^J^^^^^^^^ - ™* C for 
was ligated with 0.18 ug of pJE 516 DNA ovem ght * ^ 6 C ;™ J^J^rfom. 100 ul of competent E. 
10 minutes, diluted 5 fold with water. ^ 2 containing 50 ug/ml amp 

5S PJE516. This clone was designated pTDS130 (Figure 13). 
Construction of plasmid pTDS133 

eh*™*™ «*~d by «bano. P**"*" * £££ waTSLd «va «. -ft «a»r 
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prSao Tnte plasmid w» dasignatad PTOSIS! (Figure 13). 



Constmcnon 01 plasmid PTOS134 and pTOS1» 
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pBluescript SK(+) were ligated together at a 3:1 molar ratio (insertvector) in a final volume of 10 ul 
overnight at 16* C. The ligation mix was diluted five fold with water and 2 ul of this dilution was used to 
transform 100 ul of competent E. coli HB101. Small scale plasmid preparations were made from individual 
amp resistant colonies and analyzed by restriction endonuclease digestions until one was identified that 

s contained the 3.4 kbp Bam HI fragment from pTDSl33 cloned into the Bam HI site of pBluescript S/K( + ) in 
an orientation such that the 2-2 promoter was Immediately adjascent to the Sma I site of the vector's 
polylinker. This plasmid construction was designated pTDS134 (Figure 14). A second colony containing the 
same 3.4 kbp Bam HI fragment cloned in the opposite orientaton such that the 2-2 promoter was 
immediately adjascent to the Spe I site of the vector's polylinker was also identified. This plasmid 

io construction was designated pTDS136. 



Construction of plasmid pTDS23l 

15 The piasmid pDH51 was disclosed by Matiej Pietrzak et al. and is described in Nucleic Acids 
Research, 14: 5857-5868 (1986). 

Ten ug of pHPH201(+) DNA was digested to completion with with both Eco Rl and Pvu I for two hours 
at 37* C, and the resulting 5 overhangs were filled-in with Kienow fragment of DNA polymerase I. Ten ug 
of pDH51 DNA was digested to completion with Pst I and Nco I, and the resulting 5' and 3' overhangs were 

20 blunted with Kienow fragment of DNA polymerase I. The DNA samples were extracted sequentially with 
equal volumes of phenol, phenol:ch!oroform (1:1 v/v) and chloroform followed by ethanol precipitation. The 
blunt-ended pDH51 was then digested to completion with Bam HI and dephosphorylated. The pDH5l DNA 
(0.25 ug) was ligated overnight at 16* C with 0.75 ug of digested pHPH220l( + ) DNA in a final volume of 
10 ul. The ligation reaction was heated for 10 minutes at 70 "C and then diluted five fold with water. A 2 ul 

25 aliquot of the diluted ligation mixture was used to transform 100 ul of competent HB101 cells. Aliquots of 
the transformation mixture were plated on LB agar plates containing 50 ug/ml amp and allowed to grow 
overnight at 37* 0. Small scale plasmid preparations were made from individual amp resistant colonies and 
analyzed by restriction endonuclease digestions until one was identified that contained a plasmid consisting 
of the 465 bp Eco Rl/Nco I 2-2 promoter/GUS fusion from pHPH201( + ) operably linked to the 3' end 

30 fragment derived from the CaMV 35S transcript in the plasmid pDH51. This clone was designated pTDS231 
(Figure 15). 



Construction of 2-2 promoter deletions of pTDS130 

35 

Plasmid pTDSl30 contains a unique Eco Rl site that cleaves the 2-2 promoter 465 bp 5' to the ininiatior 
ATG codon of the 2-2 protein. This Eco Rl site was cleaved to linearize pTDS 130 and provide a convenient 
starting point for the generation a of Bal 31 deletions of the promoter in this DNA construction. The 
procedure used to create the 2-2 promoter deletion series from this Eco Rl site was described in Example 
40 7. All deletions were subcloned into pBluescript (SK) + . A series of cDNA clones with shorter 2-2 promoter 
fragments regulatng GUS expression (increasing Bal 31 digestion) was selected from the deletions series 
generated above. The plasmid constructions selected for analysis are shown in Table 2 with the length of 
the 2-2 promoter fragment remaining from the € end of the promoter to the translation start site in each 
construction. Promoter fragment lengths were determined by DNA sequence analysis of each construction. 

45 

TABLE 2 



Construction 


Promoter 


Name 


Length (bp) 


PTDS133 


465 


P TDS134 


450 


pDuPM17 


248 


pDuPN27 


208 


pDuPN4 


150 


pDuPN7 


130 
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Th DNA sequence of the 2-2 promoter region with the locations of the start sites of ach of the 
promoter fragments driving the expression of GUS in th various constructions is given in Figure 14. 



5 Construction of pDuPS22 

A construction consisting of a recombinant gene encoding a sulfonyturea-resistant form of acetolactate 
synthase (ALS) under the transcriptional control of an inducible promoter fragment from the com 2-2 gene 
was prepared. The details of the particular embodiment of such a construction presented here represents 

to but one of any number of methods by which such a recombinant gene might be accomplished. It is 
expected that those skilled in the art will be able to make such recombinant gene using the sulfonylurea- 
resistant ALS gene contained in pAGS148 (ATCC accession number 67124) and any number of 2-2 
promoter fragments whose use is taught in this work. 

The construction pUCl19/HRA was made using the plasmid pAGS148 as the starting material {ATCC 

fs accession number 67124. and described in detail in European patent application 0257993). pAGS148 was 
digested to completion with Eco Rl and the 1 .38 kbp Eco Rl fragment containing the translation start site of 
the ALS protein, was subcloned into the Eco Rl site of the vector pUC1 19. This construction was designated 
pUC119/AGS. The plasmid pUC119/AGS was digested to completion with Bbv I and the 5' overhangs of the 
resulting fragments were blunted with the Klenow fragment of DNA polymerase I. These blunted fragments 

20 were separated by agarose gel electrophoresis and the 1.2 kbp fragment was purified from the gel. Bam HI 
linkers (New England Biolabs. catalog #1017) were added to the fragment which was then subcloned into 
the Bam HI site of pUC119 to yield the plasmid pUCH9/Bbv I. 

The plasmids pUCH9/Bbv I and PAGS148 were digested to completion with Bst Ell and Pst I and the 
resulting fragments were separated by gel electrophoresis. The 4.58 kb BstE ll/Pst I fragment from 

25 pUC119/Bdv 1 and the 2.45 kb Bst Elt/Pstl fragment from pAGS148 were purified from the gets and ligated 
together to yield the plasmid pUC1 19/HRA. 

Mutations were made in the tobacco SurA gene to change amino acid number 194 from proline to 
alanine and amino acid number 571 from trypotphan to leucine as described by Bedbrook et al. in 
European patent application 0257993. The 1.42 kbp Nco l/Bgl II fragment corresponding to nucleotides 533- 

30 1952 of the SurA gene was excised by restriction endonuclease digestion and used to replace the 
corresponding region in the pUC1 19/HRA to yield the plasmid pUCAO. 

The plasmid pTDS130 was digested to completion with Nco I. The 5' overhangs of the Nco I sites were 
partially filled-in with the Klenow fragment of DNA polymerase I by using only dCTP and dGTP as 
nucleotides in the Klenow reaction. The remaining nucleotides of the overhangs that were not filled-in were 

35 removed by digestion with mung bean nuclease and the resulting blunted DNA fragments were separated 
by gel electrophoresis. A unique 450 bp DNA fragment was isolated from the gel and ligated together with 
equimolar amounts of pUCAD that had been digested to completion with Bam HI and rendered blunt-ended 
by digestion with mung bean nuclease. The resulting plasmid, containing an ALS gene encoding a 
sulfonylurea herbicide-resistant form of the enzyme under the transcriptional control of a 450 bp inducible 

40 2-2 promoter fragment was designated pDUPS22. 



EXAMPLE 9 

45 

Construction of Recombinant Genes Whose Expression is Regulated by the 5-2 Com Promoter 



so Construction of pMC 710 

The 2-1 promoter fragment in the construction pJE 516 was removed and replaced with a 5-2 promoter. 
To this end, pJE 516 was digested to completion with Sst II and the resulting 3' overhang was removed 
using T4 DNA polymerase. This DNA was then digested to completion with Nco I and the DNA fragments 
55 were separated by agarose gel electrophoresis. The 3.8 kbp band corr sponding to the GUS/2-1 3' end 
fusion from pJE516 was cut out of the gel and recovered as described earlier. The plasmid pMC 75.5 was 
digested to completion with Xho I and the resulting 5' overhang was filled-in using the Klenow fragment of 
DNA polymerase I. This DNA was then digested to completion with Nco I and dephosphorylated. The 
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resulting DNA was iigated to the 3.0 kbp Nco i-blunt DNA fragment from pJE516. An aliquot of this ligation 
mixture was used to transform competent E. coll HB101 and individual transformants were analyzed until 
one was found that contained the 5-2 promoter operably linked to the GUS/2-1 3' end fusion in the vector 
pBS(-). This construction was designated pMC715.83 (Figure 17). 

5 

EXAMPLE 10 



70 

Construction of a Chimeric Gene Whose Expression is Controlled by The 218 Com Promoter 

The plasmid pMC791 (Example 4) was subjected to partial digestion with Afl III. The partially digested 
pMC791 was then digested to completion with Sma I. The digestion products were separated by gel 

75 electrophoresis and a 1 .4 kbp Afl Ill/Sma I DNA fragment was isolated. 

The plasmid pUE516 was digested to completion with Sal I and the resulting 5' overhang was filled in 
using T* DNA polymerase. The DNA was then digested to completion with Nco I, dephosporylated and 
Iigated with an equimolar amount of the gel-purified 1.4 kbp Afl IH/Sma I fragment from pMC79l. An aliquot 
of the ligation mixture was used to transform competent E. coli HB101 cells. Aliquots of the transformation 

20 mixture were spread on LB agar plates containing ampicilfin and the plates were incubated overnight at 
37 *C. Plasmid DNA prepared from amp-resistant colonies was analyzed by restriction endonuclease 
digestions until one was identified that contained the 1.4 kbp Sma l/Afl III promoter fragment of the 218 
gene operably linked to the GUS/2-1 -3' end fusion in pJE516. This plasmid was designated pMC7113 
(Figure 18). 

25 

EXAMPLE 11 



30 

Construction of Recombinant Genes Whose Expression are Regulated by Petunia P6.1 Gene Promoter 
Fragments and Various 3_ Downstream Regions 



35 Construction of P655, P657, P658, and P660 



Construction of P655 

40 The reporter gene used for fusions was ^-glucuronidase from E. colt as discussed in earlier examples. 
The source of this gene was the plasmid DJJ3431 (ATCC accession number 67884), which contains a GUS 
coding region fused to the 35S CaMV promoter region and the octopine synthase 3' end in pUC118. The 
regulatory regions from P6 gene were substituted into pJJ3431 in a stepwise fashion: first the 35S promoter 
was replaced with the P6 gene 1 promoter, then the octopine synthase (DCS) 3' end was replaced with the 

45 P6 gene 1 3' end. 

The 35S promoter region was removed from pJJ3431 by digesting 10 ug of the plasmid with Eco Rl 
and filiing-tn the resulting 5' overhang with Klenow fragment After extraction with phenokchloroform (1:1 
v/v) and precipitation with ethanol, the DNA was restricted with Nco I and the products were separated by 
agarose gel electrophoresis. A 5.8 kbp DNA fragment corresponding to the GUS/OCS 3'end fusion in 

50 pUC116 was isolated by placing the gel slice containing this fragment in a dialysis bag with 500 ul of 1X 
TAE buffer and electrocuting the DNA from the agarose. The eluted DNA was extracted with phe- 
nol:chloroform (1:1 v/v) and precipitated with ethanol. The mutagenized petunia PB gene 1 promoter region 
containing a unique Nco I site was purified by digesting 10 ug of the plasmid construction P853 (Example 
4) to completion with Nco I and Sma I and gel purifying the 1.3 kbp P6 promoter fragment as previously 

55 described. Equimolar amounts of this 1.3 kbp promoter fragment and the GUS/OCS 3 end fragment were 
iigated overnight at 15* C in a volume of 10 ul. The iigated DNA was used to transform competent E. coli 
JM83 and aliquots of the transformation mixture wer plated on LB containing 75 ug/ml amp. Small scale 
plasmid DNA preparations from amp-resistant colonies were evaluated by digestion with Nco t and Bam HI 



49 



EP 0 388 186 A1 



until a coionoy containing a plasmid with the 1.3 kbp P6 gene 1 mutagenized promoter fragment operably 
linked to the GUS/OCS fusion of pJJ 3431 was found. This plasmid was designated P655 (Figure 19). 



5 Construction of P657 

In the construction P655, the petunia P6/GUS fusion was operably linked to an OCS 3 end at an Xba I 
site. In order to replace the OCS 3' end fragment in P655 with the mutagenized P6 gene 3' end in P654, it 
was necessary to first partially digest P655 with Xba I as there was an Xba I site in the polylinker region of 

to P655 in addition to the site of the OCS 3 # end fusion. Due to a relatively inactive lot of Xba I, it was possible 
to generate partially cut molecules by digesting 10 ug of P655 DNA with 30 units of enzyme for 1 hour. 
After checking for partial digestion by agarose gel electrophoresis, the 5 overhang of the Xba I site was 
filled in with Klenow fragment of DNA polymerase I. The ONA was extracted with phenolxhloroform (1:1 
v/v), ethanol precipitated, redissolved and digested to completion with Hind III. The products of this 

75 digestion were separated by agarose gel electrophoresis and the desired DNA fragment corresponding to 
P655 without the OCS 3' end was purified from the gel. 

The 3' end of the P6.1 gene was isolated by digesting the plasmid P654 to completion with Bgl II and 
filling-in the resulting 5 overhang with Klenow fragment. The DNA was extracted with phenofcchloroform 
(1:1 v/v), precipitated with ethanol, redissolved, and digested to completion with Hind HI. The resulting 

20 products were separated by agarose gel electrophoresis, and the 22. kbp fragment containing the P6.1 
gene 3' end was excised from the gel and purified as described earlier. 

The 2.2 kbp P6 3' end fragment was llgated with the purified Xba I fragment of P655 from above 
overnight at 15* C in a final volume of 10 Hi. An aliquot of the ligation reaction was used to transform 
competent E. coii JM83 cells. Small scale plasmid preparations from individual ampicillin resistant colonies 

25 were analyzed by digestion with Hind Hi and Bam HI until one was found that contained the P6.1 3' end 
operably linked to the P6.1 promoter/GUS fusion. This plasmid was designated P657 (Figure 19). 



Construction of P658 

30 

In order to map potential regulatory regions in the promoter of P6.1, a 1 kb deletion was made in the 
promoter fragment of the P657 construction, leaving a 300 bp P6.1 promoter fragment operably linked to a 
GUS/P6.1 3'downstream fragment Ten tig of P657 was digested to completion with Xba I and Spe 1. The 
resulting 5 overhangs were filled-in with Klenow fragment and the products were separated by agarose gel 

35 electrophoresis. The 7.6 kb fragment (P657 with 1 kb of the 5' end of the promoter deleted) was recovered 
from the gel by electroelution, extracted with phenol:chloroform (1:1 v/v) and precipitated with ethanol. The 
DNA was ligated back to itself overnight at 15* C in a 10 ul ligation reaction. An aliquot of the ligation 
mixture was used to transform competent E. coli JM83. Plasmid DNA from individual amp resistant colonies 
was digested with Hind III and Bam HI until a colony containing the desired plasmid was found. This colony, 

40 containing a GUS/OCS 3' end fusion operably linked to a 300 bp P6.1 promoter fragment was designated 
P658 (Figure 19). 



Construction of P660 

45 

A construction consisting of a GUS/OCS 3' downstream region fusion operably linked to a 600 bp P6.1 
promoter fragment was prepared. A convenient Eco Rl site 600 bp upstream of the initiating codon ATG 
was used to generate the 600 bp promoter fragment. However, since 2 Eco Rl sites are found in the 3^ 
downstream region of the P6.1 gene, a promoter deletion was made in the plasmid P655 and the OCS 3' 

so end was replaced with the 3' downstream region from the P6.1 gene. 

Ten ug of P655 was partially digested with Xba t, extracted wfth phenolxhloroform (1:1 v/v) and 
precipitated with ethanol. The DNA was then digested to completion with Eco Rl and the products 
separated by agarose gel electrophoresis. The 6.4 kbp DNA fragment corresponding to P655 lacking 700 
bp from the 5' end of the P6.1 promoter was purified, and the 5 overhangs were filled-in with Klenow 

55 fragment The DNA was extracted with pheno!:ch!oroform (1:1 v/v) and precipitated with ethanol. The 6.4 
kbp fragment was ligated to itself overnight at 15* C in a volume of 10 ul. An aliquot of the ligation mixture 
was used to transform competent E. coli JM83 cells. Plasmid DNA from individual amp resistant colonies 
was digested with Hind Ul and BarnHI until a colony containing the desired 3.2 kb Hind Ill/Bam HI fragment 
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was found, diagnostic of the presence of a 600 bp promoter fragment in the construction. This plasmid was 
designated P659 (Figure 20). 

To replace the OCS 3' end of # P659 with the 3' end of the P6.1 gene, 10 ug of P659 DNA was first 
partially digested with Xba I. The 5 overhang was filled-in with Wenow fragment, and the blunt-ended DNA 

5 was extracted with phenohchloroform (1:1 v/v) and precipitated with ethanol. The DNA was then digested to 
completion with Hind III and the resulting DNA fragments were separated by agarose gel electrophoresis. 
The 5.7 kb fragment corresponding to P659 without the OCS 3' end was electrocuted from the gel, 
extracted wfth an equal volume of phenolrchloroform (1:1 v/v) and ethanol precipitated. This fragment was 
ligated overnight at 15* C in a volume of 10:1 to the same Bgl H-blunt/Hind Ml fragment of P654 used in the 

io construction of P657. An aliquot of the ligation mixture was used to transform competent E. coli JM83. 
Plasmid DNA from individual ampicillin resistant colonies was digested with Bam HI and Hind III until one 
was found that contained a 4.7 kbp Bam Hi/Hind III fragment This construction, consisting of GUS operably 
linked to a 600 bp P6.1 promoter fragment and a 1.3 kbp P6.1 3' downstream region fragment, was 
designated P660 (Figure 20). 



75 



20 



30 



EXAMPLE 12 



Construction of Recombinant Genes Under Transcriptional Control of Chimeric Promoters Containing An 
Inducible Regulatory Element From the Com 2-2 Promoter ~ 

Oligonucleotides were synthesized using an Applied Biosystems Model 380A DNA synthesizer. All 
25 oligonucleotides were purified using Applied Biosystems Oligonucleotide Purification Cartridges (cat. # 
400771) using the protocol supplied by the manufacturer. 



Construction of pHPH401 and pHPH401 dcm- 

Complementary oligonucleotides 32 and 33, of the sequences: 



32 5 • -AATTCGTTAACCGCACCCTCC ITCCCGTCGTTTCCCATCTCTTCCTC 
35 CTTTAGA-3 • 

33 5 ' -GGAGGAAGAGATGGGAAACGACGGGAAGGAGGGTGCGGTTAACG- 
3* 



40 



45 



SO 



55 



and complementary oligonucleotides 34 and 35 of the sequences: 
34 5' 

CTGGTAC-3 * 



35 5 ■ -CAGGCCTGTGAGGAGCGAGAAAATGAGCCCTGATITATATAGTGGT 
AGCTCTAAA-3 1 

phosphorylated by incubation of 10 ug of each oligo with 25-50 units of T* polynucleotide kinase in 50 ul of 
50 mM Tris-HCI pH 7.5, 10 mM MgCb. 10 mM DTT for 20 min at 37* C. An additional 25 ul of 50 mM Tris- 
HCI pH 7.5, 10 mM MgCI2. 10 mM DTT containing 12.5-25 units of polynucleotide kinase were added and 
the incubation was continued for 20 min at 37* C. Kinase reactions were heated to 70* C for 10 minutes and 
then cooled on ice. Phosphorylated oligos 32, 33, 34 and 35 were mixed at a final concentration of 13 ug/ml 
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each in water and 1 ul of this mixture was ligated overnight at 15* C with 1.5 ug of th plasmid vector 
pBluescript S/K( + ) was digested to completion with Eco Rl and Kpn I and d phosphorylated using caK 
intestinal alkaline phosphatase. The ligation mixture was diluted to 60 u) with H2O, and 2 ul of the dilution 
was used to transform 60 ul of competent HB101 cells. Aliquots of the transformation reaction were spread 

5 onto LB plates with 50 ug/ml amp and plates were incubated overnight at 37* C. Small scale plasmid 
preparations were performed on amp-resistant colonies and colonies found to contain 100 bp Eco Rl/Kpn I 
insets by restriction digestion were sequenced using the M13 universal primer. One colony containing 
oligonucleotides 32-35 cloned into the Eco Rl/Kpn site of pBluescript S/K( + ) was designated pHPH401. 
The plasmid pHPH401 was transferred to the dcm-E. coli strain NS2616. Any commonly available dcm- 

10 E. coli strain can be used for this purpose. Competent NS2216 cells were made by inoculating a 50 ml of 
Ub broth with 100 ul of an overnight culture of NS2216 (grown in LB) and incubating this new culture at 
37* C with shaking until the A650 reached 0.25. The culture was chilled to 0*C on ice. Bacteria were 
harvested by centrifugation at 1500 X g for 10 minutes, resuspended in 25 ml of 100 mM CaCfe and 
incubated on ice for 30 min. The bacteria were recentrifuged as above and resuspended in 0.5 ml of 100 

ts mM CaCfe. After 4 hours on ice, 100 ul of competent cells were removed, 4 ng of pHPH401 was added, 
and the cells were incubated on ice for 30 minutes. The cells were then heat shocked for 5 minutes in a 
37* C water bath without shaking. The cells were returned to the ice for 2 minutes before addition of 2 mi of 
LB medium. Cells were incubated at 37* C for 1 hour and aliquots of the transformation mixture were plated 
on LB agar plates containing 50 ug/ml amp and allowed to grow overnight at 37* C. Small scale plasmid 

20 preparations from individual amp resistant colonies were analyzed by restriction endonuclease digestions 
until one was identified that contained pHPH401. The strain was designated HPH401 dcm- and the dcm- 
piasmid in this strain was designated pHPH401 dcm-. 



25 Construction of pHPH410 

Complementary oligonucleotides 36 and 37 of the sequences: 

36 5 ■ -CTCATCAGCACCCCGGCAGTOCCACCCCGACTCCCTGCACCTGCCAT 

30 

GGCTGTGGCTCG AG GT AC - 3 ' 

37 5 9 -CTCGAGCCACAGCC ATGGC A3GTGC AGGGAGTCGGGGTGGCACTGCC 
35 GGGGTGCTG ATG AG - 3 1 

were phosphorylated as above and diluted to 33 ng/ul of each oligo in H2O. One ul of this dilution was 
ligated overnight with 1.4 ug Kpn I and Stu I digested and dephosphorylated pHPH401 dcm- in a volume of 

40 10 ul. The ligation reaction was diluted to 50 ul with water and 2 ul aliquot of the diluted ligation mixture was 
used to transform 40 ul of competent HB101 cells. Aliquots of the transformation mixture were plated on LB 
agar plates containing 50 ug/ml amp and allowed to grow overnight at 37 *C. Small scale plasmid 
preparations were prepared from individual amp resistant colonies and colonies found to contain 160 bp 
Eco Rl/Kpn I insets by restriction digestion were sequenced using the M13 universal primer. One colony 

45 containing oligonucleotides 36 and 37 cloned into the Kpn l/Stu I sites of pHPH401 dcm- was designated 
pHPH410. 

Construction of the 443 Promoter in pHPH443 
so — . 

Complementary oligonucleotides 44 and 45 of the sequences: 
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44 5 ■ -AATTCTACGTACCATATAGTAAGACTTTGTATATAAGACGTCACC 

TCTTACGTGCATGGTXATATGCGACATGTGCAGTGACGTT-3 ' 

45 5 * -AACGTCACTGCACATGTCGCATATAACCATGCACGTAAGAGGTG A 

CGTCTTAT ATAC AAAGTCTTACT AT ATGGT ACGT AG - 3 • 

were phosphorylated as above and diluted to 13.3 ng/ul of each oligo in H 2 0. One ul of this dilution was 
ligated overnight with 1.5 ug Hpa I and £co Rl digested and dephosphoryiated pHPH410 in a volume of 15 
ul. The ligation reaction was diluted to 60 ul with water and 2 ul aliquot of the diluted ligation mixture was 
used to transform 40 ul of competent HB101 cells. Aliquots of the transformation mixture were plated on LB 
agar plates containing 50 ug/ml amp and allowed to grow overnight at 37* C. Small scale plasmid 
preparations were prepared from individual amp resistant colonies and colonies found to contain 240 bp Pst 
l/Kpn I insets by restriction digestion were sequenced using the M13 universal primer. One colony 
containing oligonucleotides 44 and 45 ligated into the Eco Rl/Hpa I sites of the plasmid pHPH410 was 
designated pHPH443. The sequence of the insert containing in the plasmid pHPH443 is shown in Figure 21. 
This DNA fragment represents a chimeric promoter consisting of a 77 bp chemically inducible element from 
the maize 2-2 promoter (nucleotides 9-86 of Figure 21) operably linked to the -1 to -94 of the alcohol 
dehydrogenase 1-1 S allele [Dennis et a). (1984) Nucleic Acid Res. 12: 3983-4000] (nucleotides 87-180 of 
Figure 21) and using a 5' untranslated region from the corn 2-2 gene (nucleotides 181-225 of Figure 21). 
The arrow and underlining in the figure denote the transcription and translation start sites, respectively, of 
the promoter. 

Construction of pHPH412 

Complementary oligonucleotides 46 and 47 of the sequences: 

46 5 ' -CTCATCTCGCTTTGGATCGATTGGTTTCGTAACTGGTGAAGGACTGA 

GGCCTAACGGTAC-3 ' 

47 5 • -CGTTAGGCCTCAGTCCTTCACCAGTTACGAAACCAATCGATCCAAAG 

CGAGATGAG-3 * 

were phosphorylated as above and diluted to 13.3 ng/ul of each oligo in H2O. One ul of this dilution was 
ligated overnight with 1 .4 ug Kpn I and Stu I digested and dephosphoryiated pHPH40l dcm- in a volume of 
15 ul. The ligation reaction was diluted to 60 ul with water and 2 ul aliquot of the diluted ligation mixture was 
used to transform 40 ul of competent HB101 cells. Aliquots of the transformation mixture were plated on LB 
agar plates containing 50 ugfml amp and allowed to grow overnight at 37* C. Small scale plasmid 
preparations were prepared from individual amp resistant colonies and colonies found to contain 240 bp 
Kpn !/Pst I I inserts by restriction digestion were sequenced using the M13 universal primer. One colony 
containing oligonucleotides 45 and 46 cloned into the Kpn l/Stu 1 sites of the plasmid pHPH40l dcm- was 
designated pHPH411. 

Complementary oligonucleotides 48 and 49 of the sequences: 
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48 5 ' -GTCTCGGAGTGGATGATTTGGGATTCTGTTCGAAGATTTGCGGAGG 

GGGGCCATGGCGACGGTAC-3 * 

49 5 ' -CGTCGCCATGGCCCCCCTCCGCAAATCTTCGAACAGAATCCCAAAT 

C ATCCACTCCGAG AC- 3 • 

were phosphorylated as above and diluted to 20 ng/ul of each oligo in H2O. One ul of this dilution was 
ligated for 4 hours with 1.4 ug Kpn I and Stu I digested and dephosphorylated pHPH411 in a volume of 10 
ul. The ligation reaction was diluted to 50 ul with water and 2 ul aliquot of the diluted ligation mixture was 
used to transform 40 ul of competent HB101 cells. Aliquots of the transformation mixture were plated on LB 
agar plates containing 50 ug/mi amp and allowed to grow overnight at 37* C. Small scale plasmid 
preparations prepared from individual amp resistant colonies were sequenced using the M13 universal 
primer. One colony containing oligonucleotides 48 and 49 ligated into the Kpn l/Stu I sites of pHPH4H was 
designated pHPH412. 

Construction of pHPH460 

Complementary oligonucleotides 62 and 63 of the sequences: 

62 5 1 -GTACGTACCATATAGTAAGACTTTGTATATAAGACGTCACCTCTTA 

CGTGCATGGTTAACA-3 * 

63 5 ' -AGCTTGTTAACCATGCACGTAAG AGGTGACGTCTTATATAC AAAGT 

CTTACTATATGGTACGTACTGCA-3 • 

were phosphorylated as above and mixed together at 10 ng/ul of each oligo in H2O. One ul of this dilution 
was ligated for 6 hours with 1 ug Pst 1 and Hind III digested and dephosphorylated pBiuescript S/K( + ) in a 
volume of 10 ul. The ligation reaction was diluted to 50 ul with water and 2 ul aliquot of the diluted ligation 
mixture was used to transform 40 ul of competent HB101 cells. Aliquots of the transformation mixture were 
plated on LB agar plates containing 50 ug/mi amp and allowed to grow overnight at 37* C. Small scale 
plasmid preparations made from individual amp resistant colonies were sequenced using the M13 universal 
primer until a colony containing oligonucleotides 62 and 63 cloned into the Pst I/Hind III sites of pBiuescript 
S/K( + ) was found. This plasmid was designated pHPH460 

Construction of pHPH461 

Complementary oligonucleotides 75 and 76 of the sequences: 

75 5 ' -ATATGCGAC ATGTGCAGTGACGTT ATCAGATATAGCTCACCCTATAT 

ATATAGCTCTGTCCGGTGTCGAC- 3 • 

76 5 * -TCGAGTCGACACCGGACAGAGCTATATATATAGGGTGAGCTATATCT 

GATAACGTCACTGCACATSTCGCATAT-3 * 

were phosphorylated as above and mixed together at 12.5 ngAil of each oligo in H 2 0. One ul of this dilution 
was ligated for 6 hours with 1 ug Hpa I and Xho I digested and dephosphorylated pHPH460 in a volume of 
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10 ul. The ligation reaction was diluted to 50 ui with water and 2 ul aliquot of the diluted ligation mixture was 
used to transform 40 ui of competent HB101 cells. AJiquots of the transformation mixture were plated on LB 
agar plates containing 50 ug/ml amp and allowed to grow overnight at 37*0. Small scale plasmid 
preparations made from individual amp resistant colonies were sequenced using the M13 universal primer. 
5 One colony containing oligonucleotides 75 and 76 cloned into the Hpa 1/Xho I sites of pHPH460 was 
designated pHPH461. 



Construction of pHPH462 

10 

Complementary oligonucleotides 77 and 78 of the sequences: 

77 5 • -AACTGACAATCACCATTCATCTCGCTTTGGATCGATTGGTCTCGTAA 
15 CTGGTGAAGGACTGAGGCCTAACGGTAC-3 * 

78 5 ' -CGTTAGGCCTC AGTCCTTCACC AGTTACGAA ACCAATCGATCC AA AC 

GAGATGAATGGTGATIGTC ACT- 3 ' 

20 

were phosphorylated as above and mixed together at 10 ng/ul of each oligo in H 2 0. One ul of this dilution 
was ligated for 6 hours with 1 ug Kpn I and Hinc II digested and dephosphorylated pHPH461 in a volume of 
10 ul. The ligation reaction was diluted to 50 ul with water and 2 ul aliquot of the diluted ligation mixture was 
25 used to transform 40 ul of competent HB101 cells. Aliquots of the transformation mixture were plated on LB 
agar plates containing 50 ug/ml amp and allowed to grow overnight at 37* C. Small scale plasmid 
preparations made from individual amp resistant colonies were sequenced using the M13 universal primer. 
One colony containing oligonucleotides 77 and 78 cloned into the Kpn l/Hinc II sites was designated 
pHPH462 

30 

Construction of pHPH463 and pHPH463dam- 

Phospnorylated, complementary oligonucleotides 48 and 49, described above, were mixed together at 

35 25 ng/ul of each oligo in H 2 0. One ul of this dilution was ligated for 6 hours with 1 ug Stu 1 and Kpn 1 
digested and dephosphorylated pHPH462 in a volume of 10 ul. The ligation reaction was diluted to 50 ul 
with water and 2 ul aliquot of the diluted ligation mixture was used to transform 40 ul of competent HB101 
cells. Aliquots of the transformation mixture were spread on LB agar plates containing 50 ug/ml amp and 
allowed to grow overnight at 37* C. Small scale plasmid preparations made from individual amp resistant 

40 colonies were sequenced using the Ml 3 universal primer. One colony containing oligonucleotides 48 and 
49 cloned into the Stu l/Kpn I sites of pHPH462 was designated pHPH463. The sequence of the insert 
contained in the plasmid pHPH463 is shown in Figure 22. This DNA fragment represents a chimeric 
promoter consisting of the -1 to -136 region of the 2-2 promoter (nucleotides 7-146 of Figure 22) operably 
linked to the 5 untranslated leader from the maize alcohol dehydrogenase 1-1$ allele [Dennis et at. (1984) 

45 Nucleic Acids Res. 12: 3983-4000] (nucleotides 147-247 of Figure 22) and modified to incorporate an Nco I 
site at the translation state codon. The arrow and underlining in the figure denote the transcription and 
translation start sites, respectively, of the promoter. 

The plasmid pHPH463 was transformed into the dam- E. cofi strain CHS26 using the procedure 
described above for the transformation of pHPH401 into the"dcm- E. coli strain NS2216. The plasmid 

50 pHPH463 in E. coli CHS28 was designated pHPH463dam-. 



Construction of pHPH467 

Complementary oligonucleotides 88 and 89 of the sequences: 
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88 5 ' -GTTAACAAGGATCGGCGCGCCACGCCGAGCTCGCCGCTATATTTATA 

TTT6CTCAATGGACAGGCATGGGGCTATCTCGCTTTGGAT--3 • 

5 

89 5 ' -CGATCCAAAGCGAG ATAGCCCCATGCCTGTCC ATTGAGCAAATATA 

AATATAGCGGCGAGCTCGGCGTGGCGCGCCGATCCTTGTTAACTGCA 
~3 f 

TO 

were prepared and phosphorylated by incubation of 5 ug of each oligo with 25-50 units of T* polynucleotide 
kinase in 50 ul of 50 mM Tris-HCI pH 7.5, 10 mM MgCb, 10 mM DTT for 1 hour at 37* C. Kinase reactions 
were heated to 70* C for 10 minutes and then cooled on ice. Oligonucleotides were mixed together at 35 

?s ng/ul of each oiigo in H 2 0. One ul of this dilution was iigated for 4 hours with 1 ug of Pst I and Cla I 
digested and dephosphorylated pHPH463dam- in a volume of 10 ul. The ligation reaction was diluted to 50 
ul with water and 2 ul aliquot of the diluted ligation mixture was used to transform 40 ul of competent 
HB101 cells. Aliquots of the transformation mixture were plated on LB agar plates containing 50 ug/ml amp 
and allowed to grow overnight at 37* C. Small scale plasmid preparations made from individual amp 
resistant colonies were sequenced using oligonucleotide 49 as a primer. One colony containing oligos 88 

20 and 89 cloned into the Pst l/CIa I sites of pHPH463dam- was designated pHP467. 



Construction of pHPHSOO 

2$ 

Five ug of complementary oligonucleotides 92 and 93 of the sequences: 

92 5 ■ -GTACCATATGTAAGA CTTTG TATATAAGACGTCACCTCTTACGTG 

C ATGGTTATATGCG AC ATGTGC AGTG ACGTTAAC- 3 • 

30 

93 5 • -GTTAACGTCACTGCACATGTCGCATATAACCATGCACGTAAGAGG 

TGACGTCTTATATACAAAGTCTTACATATGGTAC- 3 * 

35 

that together constitute the inducible element from the 2-2 promoter were phosphorylated as described 
above for oligos 88 and 89. Oligonucleotides were mixed together at 20 ng/ul of each oligo in H2O. One ul 
of this dilution was Iigated for 4 hours with 1 ug of Sma I digested and dephosphorylated pBluescript S/K- 

& (+) in a volume of 10 ul. The ligation reaction was diluted to 50 ul with water and 2 ul aliquot of the diluted 
ligation mixture was used to transform 40 ul of competent HB101 cells. Aliquots of the transformation 
mixture were plated on LB agar plates containing 50 ug/ml and allowed to grow overnight at 37* C. Small 
scale plasmid preparations made from individual amp resistant colonies were sequenced using the M13 
universal primer. One colony containing oligos 92 and 93 cloned into the Sma I site of pBluescript S/K( + ) in 

45 an orientation such that the 5' side of the inducible element was 3' to the Bam HI site of the vector 
polyiinker was designated pHPH500. 



Construction of pHPH478 

50 

The plasmid pHPHSOO was digested to completion with Bam HI and Hpa I The digestion products were 
separated by polyacrylamide gel electrophoresis and the 85 bp fragment corresponding to the inducible 
element of the 2-2 promoter was recovered as described above. This fragment was Iigated overnight with 1 
ug of Bam HI and Hpa I digested and dephosphorylated pHPH467 in a volume of 10 ul. The ligation 
55 reaction was diluted to 50 ul with water and 2 ul aliquot of the diluted ligation mixture was used to transform 
40 ul of competent HB101 cells. Aliquots of the transformation mixture were plated on LB agar plates 
containing 50 ug/ml amp and allowed to grow overnight at 37* C. Small scale plasmid preparations made 
from individual amp resistant colonies were analyzed by restriction endonuclease digestion until a plasmid 
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70 



75 



20 



25 



contain^ the Bam H^pa , ^^T^^^^f^T^ 

SSSf inducible eiement ^ - a.. (1987) Gene 61: 3^3481 

linked to the -1 to -94 region of the phytochrome type * P maize a)cono i dehydrogenase 

nudeles 86-155 of F.gure 23) and u*ng aS '"■yjjjgj n ° u 2eotides 156-256 of Rgure 23) and 
1-1 S allele [Dennis et a.. (1984) Nude* The arrow and underiining in the figure 

c^ofpHT^^ lThe 

Sixty micrograms of the plasmid P«™^ 
resuS DNA fragments were separated by electrophores^ oven^ght ^ DNA fragments were 

JS L tt* 7.5% poiyacryiamide gel made » ™E«J ^^^JIV H2 G for 20 minutes. The 
dualized under UV light after ^*t+^%!SEL excised from the ge. with ^scalpel. 
230 bp DNA fragment correspondmg to the ^ rt 0 ' p " Kn ^ ^ suspe nded in gel elution buffer The 
S£2 in a 1 .5 mi microcentrifuge tube ^ crushed wrth a Jjj^ ^ moved ^ the resuming slurry 
tobe was then shaken vigorous iy ovemkjht a. 37 C Gel frag on dry ice after adding 1 mi of 

by filtration through glass wool and DNA * .the JHfrate was P P vortexing in 0.3 ml of TE pH 

Ihanol DNA was recovered by centnfugation and resus penoea °Y « ^ made 0.3 M in 

iTSe sus^ion was centrifuged and the ^^^^2 coiiected by corrugation, and 
sodium acetate and ^^^T^^t^ ™" * « u ' **" "fT^Zl 

Tl Baoar plates containing 50 ug/ml amp and all owed to grow owj ed with ^ , 

30 "epa^ons P wte performed or | - P^ , fragment from P HPH443 in 
30 U , Nco . until a colony ^"^^^C^enV of P HPH443 operab.y linked to the QUS/2-1 3 

35 pHPH463GUS and PHPH478QUS. respectively. 



40 



45 



50 



55 



resulting DNA fragments were separated by el f ^°P™ containing 25% glycerol. DNA fragments were 
of" 2 1 thick 7.5% PO'vacrV^e 90. ^:%T U 5 Sum bromide in H 2 0 for 20 « 
visualized under UV light after stain.ng the gel in J 0* "V recovered from the gel as described 

200 bp DNA fragment corresponding tc .« insert JfpHPH^ insert was determined by ^ 
above and dissolved in 20 ul of TE pH U 'The ^"^ e ° re ^ to 1 u g Hpa I andNco I digested 
Sorbance at 260 nm and 40 ng of pHPH4 2 jwj ■» ' A | reactton was diluted to 50 ul wrth 
aS dephosphoryiated PHPH443GUS a volume of 10 ul The hgaa^ ^ ^ ^ HB101 
water and 2 ul aliquot of the diluted Ugaton mixture ^ useo 50 ug/ml amp and allowed 

Atouote of the transformation mixture were plated ^^-TLrformed on amp-resistant colon.es and 
^ omw ovemtamaTsVc. Small scale P'^.d preparabons were ^ corrtained the 200 bp 

aSSSSL were ^jMSiSi ^ tT pfcsmid ^^%^ s 
Hoa 1/Nco I promoter fragment from P"™ 41 * " JJ ^ , mid pH PH420 is shown in Figure 24. inis 
oSphSuS The sequence of the insert "*J ^^^emicaliy inducibl element denved 
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The arrow and underlining in the figure denote the transcription and translation start sites, respectively, of 
the promoter. 

EXAMPLE 13 



Construction of Recombinant Promoters Containing Various Modifications of the 2-2 Inducible Element 



Construction of plasmids pA1-pA70 

Individual oligonucleotides incorporating various base changes at one or more positions in their 
rs sequences were prepared using an Applied Biosystems Model 380A ONA synthesizer by using mixtures of 
nucleoside phosphoramidites at specific cycles in the synthesis. In a similar manner, populations of 
complementary oligonucleotides to those made above were prepared by incorporating mixture of 
nucleoside phosphoramidites at appropriate synthesis cycles so as to complement the possible base 
heterogeneities in the first strand. 
20 The complementary pairs of oligos-: 

103 5 • -CACCTCTTACGTGCATGGTT\NATGNNACATNTGCAGTGANGTT-3 ■ 

104 5 ' -AACNTCACTGCANATGTNNCAINTAACCATGCACGTAAGAGGTGA 
CGT-3' 



105 5 * -CACCTCTTACGTGCATGGTTATATGCGACATGTGNAGTPACGTT 
30 106 5 * -AACGTRACTHCACATGTCGCATATAACCATGCACGTAAGAGGTG 

ACGT-3 ■ 

35 107 5 * -CACCTCTTACGTGCATGGTTATATGCGACARGTGCPPRGACGTT 

108 5' - AACGTCPRRGCACPTGTCGC AT ATAACCATGCACGTAAGAGGTG 
ACGT-3 ' 



40 



109 5 ' - C ACCTCTTACGTG C ATGGTTATATGC G P R PTGTGC AGTG ACGTT 

110 S ' -AACGTCACTGCACARPRCGCATATAACCATGCACGTAAGAGGTG 

ACGT-3 ' 
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Xll 5 • •CACCTCTTACOTGCATGGX.aTATGCGACATGRPCAGTGPCGTT 
112 5 ' -AACGRCACTGRPCATGTCOCATATAACCATGCACGTAAGAGGTG 
. ACGT-3' 

115 5 ' -CACCTCTTACGTGCATGGTTPTPRPCGACATGTGCAGTGACGTT 

116 5 1 -AACGTCACTGCACATGTCGRPRARAACCATGCACGTAAGAGGTG 

ACGT-3 1 

117 5 • -CACCTCTTACGTCRARGPTRATATGCGACATGTGCAGTGACGTT 

118 5 ' -AACGTCACTGCACATGTCGCATATPARCPTPCACGTAAGAGGTG 

ACGT-3 ' 

where 

N = A,C,G,T 
P = A,G 
R = C,T 

were phosphorylated as described in Example 12 and each pair was ligated in equimolar ratios with 
pHPH443GUS that had. been digested to completion with both Hpa I and Aat II and dephosphorylated. The 
ligation reactions were diluted to 50 ul with water and 2 ul aliquot of the diluted ligation mixtures were used 
to transform 40 ul of competent HB101 cells. Aliquots of the transformation mixtures were plated on LB agar 
plates containing 50 ug/ml amp and allowed to grow overnight at 37* C Small scale plasmid preparations 
were performed on amp-resistant colonies and the resulting DNAs were sequenced using either oligo 35 
(Example ) or oligo HH114 primer (HH114 sequence: 5-GGAGGAAGAGATGGGAAACGACGGG-3). 
Plasmids in which base changes had been introduced in the region of PHPH443GUS corresponding to the 
77 bp inducible element from the 2-2 promoter were selected. Table lists the plasmids that contained 
single base changes in the region of interest. 

Similarly, the complementary pairs of oligonucleotides-; 

121 5 1 -CTAGTGAATTCGTACCATATAGRAAGPCRRTGTATATAAGACGT-3 • 

122 5 ' -CTTATAT ACAPP G RCTTP C7 ATATG GTAC GAATTC A - 3 ' 

123 5 ' -CTAGTGAATTCGTACCATATAGTAAGACTTRPRATPTAAGACGT-3 * 

124 5 ■ -CTTARATPRPAAGTCTTACTATATGGTACGAATTCA- 3 ■ . 

125 5 • -CTAGTG AATTCGTACC ATATAGTAAG ACTTTGTPR ATPPG ACGT- 3 ■ 

126 5' -CRRATRP ACAA AGTCTT ACTATATGGTACGAATTCA - 3 • 

127 5' -CTAGTGAATTCGTACCATARAPTPAPACTTTGTATATAAGACGT- 3 1 

128 5 • -CTTAT AT AC AAAGTRTRARTPT ATGGT ACG AATTC A - 3 ' 

where: 
N= A,C,G,T 
P = A.G 
R = C.T 

were phoshphorylated as described in Example and ligated in equimolar ratios with pHPH443 GUS that 
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10 



had been digested with both Xba I and Aat II and dephosphorylated. The ligation reactions were 
transformed into HB101 cells and plasmids in which base changes had been introduced in the region of 
pHPH443GUS corresponding to the 77 bp inducible element from the 2-2 promoter were selected as 
described above. Table 3 lists the plasmids that were found to contain base changes in the 77 bp inducible 
element from the 2-2 promoter listed below and the positions of those those changes. 

GTACCATATAGTAAGACTTTGTATAUAAeACGTCACCTCTTACGTGCATGGTTATATGCG 

1 + + ♦ ♦ ♦ 60 

CATGCTATATCATXCTGAAACATATATTCTGCAGTGGAGAATGCACGTACCAATATACGC 



ACATGTGCAGTGACGTT 
61 ♦ 77 

15 

TGTACACGTCACTGCAA 



20 Table 3 

Nucleotide change 
Plssmifl pA ff From Iq Position 

25 





0 


No 


changes 






1 


G 


C 


70 


30 


2 


T 


C 


64 






G 


c 


70 






T 


A 


71 


35 


3 


A 


G 


69 




4 


A 


G 


69 






G 


A 


70 


40 


5 


T 
T 


C 
C 


71 
64 






A 


G 


69 






T 


C 


71 


45 


6 


T 


C 


64 




7 


T 


A 


55 






C 


T 


59 


50 




G 


A 


60 






G 


A 


65 






C 


A 


74 



55 



60 
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8 


T 


T 


55 






G 


T 


60 






C 


A 


74 


5 










9 


C 


T 


74 




10 


T 


G 


55 






C 


A 


59 


10 




c 


G 


74 




11 


c 


G 


59 






c 


T 


60 


15 




« 


T 


74 




12 


c 


G 


59 






G 


A 


65 


20 


13 


T 


A 


55 






C 


G 


59 






G 


A 


65 






C 


T 


74 


25 


14 


T 


C 


55 






C 


T 


59 






G 


T 


65 


30 


15 


C 


A 


68 






G 


A 


72 




16 


C 


T 


68 


35 




G 


A 


72 




17 


C 


G 


68 






G 


A 


72 




18 


C 


G 


68 


40 


19 


C 


T 


68 




20 


A 


G 


61 






C 


T 


62 


45 




A 


G 


63 




21 


A 


G 


61 




22 


C 


T 


62 


50 


23 


A 


G 


61 






A 


G 


63 
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24 AG 63 

25 C G 62 

A" T 63 

26 G A 67 

27 T C 66 

G A 67 

28 T C 66 

G A 67 

AG 73 

29 AG 73 

31 T C 66 

AG 73 

32 A G 67 

AG 73 

33 T C 66 

34 AG 54 

T C 57 

35 A G 16 

T C 18 

36 AG 16 

37 T G 19 

38 T C 18 

39 T C 18 

T T 19 

40 T C 12 

41 G A 21 

T C 22 

AG 25 

42 C A 21 

43 a C 20 

G A 21 

44 T C 20 

45 T C 12 

AG 16 

T C 18 
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46 T C 22 

47 AG 25 

48 G T 21 

T C 22 

49 T C 20 

T C 22 

AG 25 

50 T C 20 

G A 21 

T C 22 

51 AT 56 

T C 57 

52 G A 58 

53 AG 56 

54 A G 54 

55 A G 54 

AG 56 

56 T C 12 

57 G C 25 

58 T C 24 

59 AG 23 

T C 24 

60 A G 23 

AG 28 

61 A G 23 

62 A G 27 

AG 28 

63 T C 9 

64 G A 11 

65 G A 11 

G A 15 

66 r C 9 

C A 11 

67 A G 13 
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68 



G 



A 



11 



A 



G 



13 



69 



G 



A 



15 



70 



C 



T 



47 



EXAMPLE 14 



The Use of N-(aminocarbonyl)-2-chlorobenzenesutfonamide to Induce the Expression of Recombinant 
GUS/2-1 Corn Gene Constructions in Transformed Rice Protoplasts ™ 



Transformation of Rice Protoplasts 

Rice suspension cultures, initiated from anther-derived callus, were maintained by weekly subculture at 
a 1:4 dilution ratio with fresh liquid N6 medium as described by Chu et a). [Sci Sinica 18:659-668 (1975)] 
containing 2 mg/ml 2,4-dichforophenoxyacetic acid and 3% (w/v) sucrose, pH 6.0. Protoplasts were isolated 
from suspensions of rice cells 4-6 days after subculture by overnight incubation (16-18 hrs) in 4 ml of 
enzyme solution (2% (w/v) cellulose "Onozuka" RS and 0.5% (w/v) Macerozyme (both from Yakult Honsha t 
Nishinomiya, Japan), 13% (w/v) mannitol, pH 5.6) per gram of cells and agitation of the mixture on a rotary 
shaker at 30 rpm at 25 C. Released protoplasts were filtered through a 60 mm mesh size nylon screen, 
transferred to 50 ml Pyrex® test tubes and washed twice by centrifugation at 80 g for 10 minutes in Kren f s 
F solution (140 mM NaCl, 3.6 mM KCI, 0.75 mM*Na 2 HPO* 7H 2 0, 5 mM glucose. 125 mM CaCI 2 , pH 7.0). 
Protoplasts were purified by resuspending the pellet in N6 medium with 17% (w/v) sucrose, centrifuging at 
80g for 20 minutes and collecting the floating layer. Cell counts were made with a Fuchs-Rosenthal 
hemocytometer. 

Protoplasts were transformed as follows: Multiple aliquots of the protoplasts (5-10 X 10 s cells) were 
centrifuged gently (80 g) for 4 minutes in sterile tubes. The supernatant was discarded and the cells were 
resuspended in 1 ml of Kern's F, pH 5.8 buffer. Ten ug of transforming DNA in less than 15 lil of TE pH 
8.0 were added per million protoplasts. The tubes were shaken gently to disperse the cells in the DNA 
solution, and 0.6 ml of a solution containing 40 % PEG (Polysciences Inc., Warrington PA 18976, CAT # 
1102) and 3 mM CaCl 2 was added. The resulting protoplast cell suspension was mixed gently and 
incubated at room temperature for 20 minutes. A volume of 13-15 mis of Kren's F, pH 7.0 solution was then 
added to dilute out PEG. 



N-(aminocarbonyl)-2-chioroben2enesulfonamide Induction of Transformed Rice 

The transformed protoplasts were collected by centrifugation at 80g for 4 minutes. The supernatant was 
discarded and the protoplasts were resuspended in 2.0 ml of Kren's F, pH 5.8. The protoplast sample was 
divided into two 1 ml aliquots. One ml of protoplast medium was added to one aliquot of the protoplasts, 
while 1 ml of the protoplast medium containing 100 ug/ml N-(aminocarbonyl)-2-chlorobenzenesulfonamide 
was added to the other aliquot Protoplasts were then incubated at 25* C in the dark for 16 hours. 

The inducibility of the recombinant GUS genes whose expression were controlled by 2-1 com gene 
promoter and downstream sequences were determined by measuring the level of the ^-glucuronidase 
enzyme activity in protoplasts cultured in the presence and absence of N^aminocarbonyl)-2-chloroben- 
zenesuifonamide. GUS activity was assayed by harvesting protoplasts in a clinical centrifuge at 80g for 5 
minutes, and resuspending them in 1,0 ml IX GUS lysis buffer (50 mM sodium phosphate pH 7.0, 10 mM 
0-mercaptoethanol, 10 mM EDTA, 0.1% Triton X-100, 0.1% rWauroylsarcosine). The suspension containing 
the lysed protoplasts was vortexed and spun at top speed in a table top clinical centrifuge for 5 minutes. 
Eighteen nl of the supernatant was transferred to a tube containing 782 ul of water for determination of 
protein content in the protoplast lysate. Protein content in the diluted iysate was determined using the Bio- 



64 



EP 0 388 186 A1 



Rad Protein Assay kit (Bio-Rad Laboratories, Richmond, CA 94804) following the manufacturer's rec- 
ommendations for the microassay procedure. A protein concentration curve was prepared using bovine 
serum albumin as a standard TTie protein content, so determined, was multiplied by a factor of 7.2 to give 
the protein content in 130 u\ of extract (the amount of extract present in a single time point of the assay-see 

s below). Of the remaining supernatant, 585 ul was transferred to a fresh tube. 

The substrate for the GUS assay was 4-methyMimbelliferyl-/S-D-glucuronide (4~MUG) and was obtained 
from Sigma Chemical Co., St Louis MO 63178 (CAT # 9130). 4-MUG was prepared as a 10 mM stock in 
1X GUS buffer. Sixty-five ul of a pre-warmed (37*C) 10 mM 4-MUG stock was added to the pre-warmed 
585 ul protoplast extract, and a 100 ul aliquot of the resulting mixture was transferred to a well of a 24-well 

to microtiter dish containing 0.9 ml of 0.2 M Na2C03. Similar aJiquots are removed at 1 hours, 2 hour, and 3 
hours. The 4-MU flourescence of individual samples, from each time point was determined quantitatively 
using an excitation wavelength of 365 nm and mesuring flourescence at an emission wavelength of 455 nm. 
A standard curve of 4-MU flourescence was also prepared by measuring the flourescence of 100 nM and 1 
uM 4-MU (Sigma Chemical Co., CAT # 1508). GUS activity in the transient assay was expressed as 

is picomoles of 4-MU produced per ug protein per hour. 

The results of transient assays of the type described above are summarized in Table 4 for the plasmid 
constructions pJE 516, pDuPE2, pDuPI8, pDuPI9, pDuPl6 and pDupM3. Plasmid pBM117 was also run in 
each assay as a control for constitutive GUS expression. The plasmid consists of a GUS coding region 
under the control of CaMV 35$ promoter and 3' downstream regions* GUS activity resulting from 

20 transcription driven by the 2-1 promoter and downstream regions (pJE516) was consistently highly induced 
by addition of 100 ug/mi of N-(aminocarbonyl)-2-chloroben2enesulfonamide to the protoplast medium. 

TABLE 4 



25 



30 







GUS ACTIVITY (RJ/*zg-min.) 




Sample 


Promoter 


Uninduced* 


INDUCED* 


Fold 




Size (in bp) 






Induction 


NO DNA 


N/A 


ND 


45.5 


Ox 


pBM117 


N/A 


241.1 


604.3 


2.6 x 


pJE516 


-3000 


569.4 


4314.0 


7.6 x 


pDuPE2 


-900 


227.3 


1793.0 


7.9 x 


pDuPI8 


421 


121.1 


714.1 


5.9 x 


p0uPI9 


226 


106.6 


96.9 


Ox 



Induction in table was accomplished by the addition of 100 ug/ml of 
N-(aminocarbonyl)-2-chJorobenzenesulfonamide to transformed protoplasts. 



EXAMPLE 15 



The Use of N-(aminocarbonyl)-2-chlorobenzenesulfonamide to Induce Expression of Recombinant 2-2 Com 
Promoter/GUS Gene Constructions in Transformed Rice Protoplasts 

Rice suspension cultures, initiated from anther-derived callus, were utilized as the source of protoplasts 
for the transient transformation and expression assays. The method for isolation, transformation and 
chemical treatment of protoplasts, as well as GUS assays were described in Example 14. Protoplasts were 
transformed with pBM117. and the 2-2 promoter/GUS fusions described below. 

The induction of pTDS130, PTDS133, pTDSl34, pDuPM17, pDuPN27, pDuPN4 and pDuPN7 recom- 
binant DNA constructions (all described in Example 7) by N-(aminocarbonyl)-2-chlorobenz nesulfonamide in 
transfromed protoplasts were analyzed by the transient expression assay m thod of Example 14. The N- 
(aminocarbonyl)-2-chlorobenzenesulfonamide inducibility of GUS expression in protoplasts transformed with 
these constructions is presented in Table 5. The results show that the chemical strongly induces expression 
of all constructions with 2-2 promoter fragments that are longer than 208 bp. A rapid loss of chemical 
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inducible GUS activity occurs when the size of the 2-2 promoter fragment is less than 208 bp 5' to the 
translation start site in the promoter. This indicates that there is a ONA element in the 2-2 promoter 
contained, at least in part, between nucleotides -210 and -130 bp of 5' of the translation start site of the 
GUS gene that appears necessary for induction of 2-2 promoter activity by N-(aminocarbonyl)-2-chloroben- 
zenesulfonamide. 

TABLE 5 



10 



15 







GUS ACTIVITY 








(FUAig-min) 




Sample 


Promoter 


Uninduced* 


Induced* 


Fold 




Size (in bp) 






Induction 


NO DNA 


N/A 


ND 


0.45 


0.0 x 


pBM117 


N/A 


1.68 


7.47 


4.5 x 


PTDS130 


-1900 


1.38 


88.72 


64.1 x 


PTDS133 


465 


1.52 


102.72 


67.7 x 


pTDS134 


450 


1.65 


78.27 


47.4 x 


pDuPM17 


248 


1.25 


75.92 


60.5 x 


pDuPN27 


208 


1.43 


118.69 


82.8 x 


pDuPN4 


150 


0.83 


24.3 


29.0 x 


pDuPN7 


130 


0.54 


1.52 


2.8 x 



25 



Induction in Table 5 was accomplished by the addition of 100 ug/ml of 
N-(aminocarbonyl)-2-chlorobenzenesulfonamide to transformed protoplasts. 



30 



EXAMPLE 16 



35 



The Use of N-(aminocarbonyl)-2-chlorobenzenesulfonamide to Induce Expression of Recombinant 5-2 Corn 
Promoter/GUS Gene Constructions in Transformed Rice Protoplasts 



40 



45 



Rice suspension cultures, initiated from anther-derived callus, were utilized as the source of protoplasts 
for the transient transformation and expression assays. The method for isolation and transformation of 
protoplasts, and the GUS assays were described in Example 14. Protoplasts were transformed with pBM1 17 
and the 5-2 promoter/GUS fusions described below. 

The response of pMC 715.53 was analyzed by transient expression assay in rice protoplasts. No 
induction of GUS expression was observed in transformed protoplasts treated with N-(aminocarbonyl)-2- 
chlorobenzenesurfonamide. Since the in vivo induction in the 5-2 gene is the weakest of all corn genes 
tested, it may be possible that its inducibility cannot be measured in a transient assay. 



EXAMPLE 17 



The Use of N-(aminocarbonyl)-2-chtorobenzenesulfonam!de to Induce A Chimeric 218 Com Promoter/GUS 
Fusion in Transformed Rice Protoplasts ~ 

Rice suspension cultures, initiated from anther-derived callus, were utilized as the source of protoplasts 
for the transient transformation and expression assays. The method for isolation, transformation and 
chemical treatment of protoplasts, as well as GUS assays are described in Example 14. 

Th induction of GUS activity in response to treatment of rice protoplasts transformed with pTDSl30 
(Example 8) and pMC7113 with 100 mg/l ofI^Kaminocarbonyl)-2-chlorobenzenesuffonamide was analyzed 
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by transient expr ssion. The results are presented in Table 6. 

TABLE 6 



5 



10 





GUS ACTIVITY* 




Construction 


UNINDUCED 


INDUCED 


FOLD 








INDUCTION 


No DISIA 


3 


3 


0 


PHPH130 


17.3 


546 


31-5 


PMC7113 


78.4 


952 


12.1 



* GUS activity expressed as flourescence unrts/hr/106 protoplasts 



15 

The results in Table 6 show that GUS activity resulting from transcription of a GUS gene under the 
control of the the 218 promoter was consistently highly induced by addition of 100 ug/ml of N- 
(aminocarbonyl)-2-chloroben2enesulfonamide to the protoplast medium. 

20 

EXAMPLE 18 



The Use of N-(aminocarbonyl)*2-chlorobenzenesulfonamide to Induce Expression of Recombinant P6 
Petunia Promoter/GUS Gene Constructions in Transformed Rice Protoplasts 

Rice suspension cultures, initiated from anther-derived callus, were utilized as the source of protoplasts 
for the transient transformation and expression assays. The method for isolation and transformation of 
protoplasts, and the GUS assays were described in Example 14. Protoplasts were transformed with pBMH7 
and various P6.1 promoter/GUS fusions described below. 

The responses of P655, P657, P658, and P660 were analyzed by transient expression assay in rice 
protoplasts. The degree of induction of GUS expression in transformed protoplasts in response to N- 
(aminocarbonyt)-2-chfor0benzenesulfonamide treatment is presented in Table 7. GUS activity resulting from 
transcription driven by the P6 promoter and various 3' downstream regions was consistently induced by 
addition of 100 ug/ml of N-(aminocarbonyl)-2-chlorobenzenesulfonamide to the protoplast medium. 

In addition, all DNA sequences required for this induction appear to reside in the P6.1 promoter, since 
substitution of a 3' end from a non-inducible gene (the OCS gene) had no effect on the induction of the 
P6.1 promoter/GUS construction. 

TABLE 7 



45 







GUS ACTIVITY (FU/ug-min) 




Sample 


P6 Promoter 


Uninduced* 


INDUCED* 


Fold 




Size (in bp) 






Induction 


NO DNA 


N/A 


ND 


27.0 


0.0 x 


PBM117 


N/A 


174.8 


325.7 


1.9 x 


P655 


1300 


61.8 


317.6 


5.1 x 


P657 


1300 


66.6 


488.1 


7.3 x 


P658 


300 


64.5 


404.3 


6.3 x 


P660 


600 


112,8 


510.9 


4.5 x 



Induction in Table 7 was accomplished by the addition of 100 ug/ml of 
N-(aminocarbonyl)-2-chlorobenzenesulfonamide to transformed protoplast. 
ND= not determined 
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EXAMPLE 19 



The Use of N-(aminocarbonyl)-2H3hlorobenzenesulfonamide to Induce Recombinant Genes Under Transcrip- 
tional Control of Chimeric Promoters Containing An Inducible Element From the Corn 2-2 Promoter in 
10 Transformed Rice Protoplasts 

Rice suspension cultures, initiated from anther-derived callus, were utilized as the source of protoplasts 
for the transient transformation and expression assays. The method for isolation, transformation and 
chemical treatment of protoplasts, as well as GUS assays were described in Example 14. 
75 The induction of GUS activity in response to treatment of rice protoplasts transformed with pTDSl30, 
pHPH410GUS, pHPH412GUS, pHPH420GUS, pHPH443GUS, pHPH463GUS and pHPH478GUS with N- 
(aminocarbonyl)-2-chlorobenzenesulfonamide was anaJyzed by transient expression. The results are pre- 
sented in Table 8. 



20 



TABLE 8 



30 



35 





GUS ACTIVITY* 




CONSTRUCTION 


UNINDUCED 


INDUCED 


FOLD 








INDUCTION 


No DNA 


10 


8 


0 


pTDS130 


124.4 


849.2 


6.8 


pHPH410GUS 


17 


14 


.8 


pHPH412GUS 


21.5 


26.6 


1.2 


pHPH420GUS 


317.5 


1674.5 


5.3 


pHPH443GUS 


55.0 


590.6 


10.7 


pHPH463GUS 


90.7 


781.3 


8.6 


pHPH478GUS 


13 


160.7 


12.4 



* GUS activity expressed as flourescence units/hr/10 6 protoplasts 



40 



These results demonstrate that addition of the 77 bp element derived from the com 2-2 promoter to the 
promoters regions of non-inducible GUS genes causes these gene to dispaly inducibiiity when assayed in 
trasnsformed rice protoplasts treated with 100 ug/ml of N-(aminocarbonyi)-2-chlorobenzenesulfonam!de. 



EXAMPLE 20 



50 



55 



The Use of N-(aminocarbonyl)-2-chlorobenzenesulfonamide to Induce Recombinant Genes under the 
Transcriptional Control of Recombinant Promoters Containing Various Modifications of the 77 bp 2-2 
Inducible Element in Transformed Rice Protoplasts 

Rice suspension cultures, initiated from anther-derived callus, were utilized as the source of protoplasts 
for the transient transformation and expression assays. The method for isolation, transformation and 
chemical treatment of protoplasts, as well as GUS assays were described in Example 14. 

The induction of GUS activity in response to N-(aminocarbonyl)-2-chlorobenzenesulfonamide treatment 
of rice protoplasts transformed with pAf> pA70 was anaJyzed by transient expression. The degree of 
induction of GUS expression in transformed protoplasts in response to N-<aminocartw>nyl)-chlorobenzenesul- 
fonamide treatment is presented in Table 9. 
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Tabl 9 



GUS ACTIVITY FOLD 
PA PROMOTER UKIHPUCEP* INDUCED* induction 



No DNA 


10 


8 


0 


pHPH443 


89 


954 


10.7 


pAO 


115 


1100 


9.5 


1 


86 


1001 


11.6 


2 


25.5 


72 


2.8 


3 


29.5 


495 


16.8 


4 


22 


70.5 


3.2 


5 


39 


111.5 


2.9 


6 


20 


106 


5.3 


7 


20 


37.5 


1.9 


8 


15 


31.5 


2.1 


9 


75 


1465 


19.5 


10 


20 


95 


4.75 


11 


26 


133.5 


5.1 


12 


127 


1467 


11.6 


13 


33 


301.5 


9.1 


14 


317 


2280 


7.2 


15 


18 


32 


1.8 


16 


10 


24.5 


2.4 


17 


8.5 


23.5 


2.8 


18 


19 


161 


8 


19 


32 


223 


7 


20 


64 


543.5 


8.5 


21 


54 


802 


14.9 


22 


21.5 


137.5 


6.4 


23 


107 


1417 


13.2 


24 


747 


2925 


3.9 


25 


47 


725 


15.4 


26 


16.5 


61 


3.7 


27 


11.5 


61 


5.3 
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28 


13.5 


14 


1 




29 


44 


491 


11.2 


5 


30 


19.5 - 


103 .5 


5 . 3 




31 


41.5 


182 


4 .4 




32 


27.5 


125 


4 . 5 


10 


33 
34 


98.5 
214 .5 


1249.5 
2256 


12 . 7 
10 5 

XV . %J 




35 


69.5 


774 


11 1 
A X • X 




36 


94.5 


1019.5 


10.8 


75 


37 


120. 5 


1073 


a D 

O « «7 




38 


117.5 


1790 


15 . 2 




39 


96.5 


925 


0 fi 

J* • w 


20 


40 


112 . 5 


1501 5 

X J V X . -J 


13 3 

AO • J 




41 


97 


1085 


11 2 




42 


43 .5 


602 .5 


13 9 


25 


43 
44 


27.5 
41.5 


298 
298 


10.8 
7.2 




45 


80 


994 5 


12 4 




46 


42.5 


484.5 


11.4 


30 


47 


36 


328 . 5 






48 


40.5 


379 . 5 


9 4 




49 


26 


Ififi 

ivo 


D . 4 


35 


50 


44 .5 


349 5 

«J *t .7 • J 


7 0 




51 


57 5 


483 5 


P 4 




52 


46 


32R 


r • A 


40 


53 
54 


49 

CO 

J £. 


469 5 

CI o 

Z>J.o 


q & 

1 A 
10 




55 


58.5 


471.5 


8.1 




56 


31 


239.5 


7.7 


45 


57 


29 


245 


8.4 




58 


32 


288.5 


9.0 




59 


38.5 


209.5 


5.4 


50 


60 


31,5 


199 


6.3 




62 


23 


178 


7.7 
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63 


29 


268 


9.2 




64 


35 


196.5 


5.6 


5 


65 


20.5. 


219.5 


10.7 




66 


26 


291.5 


11.2 




67 


156.5 


1256.5 


8.0 


10 


68 


132.5 


1045 


7.9 




69 


138.5 


1101.5 


7.9 




70 


397.5 


1726 


4.3 



* GUS activity expressed as flourescence units/hr/10 6 
protoplasts. 



The results show that, with the exception of the pA28 construction, all 70 modification of the 77 bp 
element from the 2-2 promoter are able to impart chemical inducibility to heterologous promoters. It is not 
known why the pA28 construction was not able to respond to treatment with N-(aminocarbonyl)-2- 
chlorobenzene sulfonamide. 



25 

EXAMPLE 21 



The Use of N-(aminocart3onyl)-2-chlorobenzenesulfonarnide to Induce Expression of the Petunia gene P6.1 
in Transgenic Tobacco 

The 5 and 3' end mapping data in Example 5 showed that the P614 construction contained a 1.3 kb 
promoter fragment and a 2.2 kb downstream fragment of the petunia P6 gene. The P614 construction was 
transformed into tobacco to determine both if this petunia DNA fragment included ail the elements 
necessary for chemical induction, and if this petunia gene could be both expressed and chemically induced 
in a heterologous plant species. Plasmid P614 was linearized with Bam HI site and ligated into the Bam HI 
site of the binary vector pAGSl35. The binary vector pAGS135 used in this example is but one of a large 
number of binary vectors available that could be used for this purpose. pAGS135 is a cosmid binary vector 
whose replicon is derived from the broad host range plasmid pRK2 and contains left and right borders 
fragment from the octopine Ti plasmids pTtA6 and pTiAchS, respectively [van den Elzen et at., Plant Mol. 
Biol., 5: 149-154 (1985)]. The border fragments delimit the segment of DNA which becomes incorporated 
into the host plant genome during the process of Agrobacterium- mediated transformation. A chimeric 
marker gene (consisting of a neomydnphosphotransferase (NPTII) coding region linked to the nopaline 
synthase promoter and the octopine synthase 3' end) which specifies kanamycin resistance in plant ceils is 
positioned between the left and right border fragments. A unique Bam HI site downstream of the NPTII 
gene served as a convenient cloning site. The plasmid DAGS135 differs from the plasmid pAGS112 
[disclosed in van den Elzen et at.. Plant Mol. Bio., 5: 149-154 (1985)] in that the Xho I in pAGS112 
downstream from the tight border has been deleted by digestion of pAGS112 with Xho I and re-circularizing 
the plasmid by selHigation after blunting the Xho 1 5 overhangs. An aliquot of the ligation mixture was used 
to transformed E. coli HB101, and transformants were grown on LB containing ampicillin (75 ug/mi) and 
tetracycline (1 jig/ml)* Small scale plasmid preparations were made from antibiotic resistant colonies and 
digested with to completion with Bam HI to identify the colonies with the desired construction. The 
orientation of the plasmid P614 in the binary vector (determined by Hind III digests) was such that 
transcription would proceed towards the right T-DNA border, with ouC118 sequences between the end of 
the petunia gene and the right T-DNA border. This plasmid DNA construction was called P627 (Figure 25). 
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10 



75 I 



20 



Transformation of Tobacco with the Petunia P6.1 Gene 

me plasmid P627 was move* ^.SaSSS^^^^S^^^^^ 
mating. Agrobacteria were grown * - J-J^^J^ « l£E*amrt. in LB broth. Equal 
(necessary for mobilization of plasm.d) were ^^^^tman LB plate and allowed to grow 
volumes (0.5 ml) of the three strains were ~ncentrated and I ptated £ n ™ ^ p 10 m M MgSO*. 

P627 (bacterial concentration was 0.2 *"? JJ^ 0% BA , 0 .7% TC agar. pH 5.8 and 

MS minor salts. B5 vitamins. MS iron. 3% sucros , 0.1^ washed by placing in liquid culture 
incubated for 2-3 days under growlights. Leaf ^ J^^^"S^p^ were men placed 
medium containing 500 ufl/i cefotaxime and rotating gerrtlr *^^JJ£££5 every 2 weeks. Shoots 
on medium containing 100 ug/l carbinici.lin «d » "J ^SK^lKS salto. MS minor salts. 

SEES ^nJSSfiiti SKSTiS J=r r ' Urawd *" **" 



25 ntrrn^ oj a» SI SSS - Ig*g£i£ Tobacc ° 

Three weeks following the transfer of ^^^^TZ^ J^TS 
roots extending through the foam plug fromeadv MM ^.^^^obenzenesulfonamide as 
plants were then treated hydropon.cally with 200 ^^^ Te remainder of the exposed roots were 
Ascribed in Example 4. After six hours of cnemical^en , * J* snaded ^ in 

harvested and frozen as above. The planted in their foam plugs were transferred to the 

the greenhouse for 2-3 days to let roots sail ^ *e to grow out Pttms^ rnaso protection 

light and grown to maturity. RNA ^^^jT^^^^^a^ of the transforming P6 
analysis was then performed as described i^ff £L£S*£ ™I P«*° used for * iS ""^ 
petunia gene as well as the endogenous T2 gene ^ •JJjJ^J ^ synthesizing an RNA probe 

was prepared by digesting *°^™\*^^ g n RNA polymerase. The Pvu I. site occurs 
complementary to the coding n POtTand therefore should genreate a protected fragment 

150 bp from the 3 end of the Eco PJ fragment ir mwm " transformants demonstrated 

o, 150 bp if the introduced petonia jene "V 1 *^* £2* results demonsrated that the 

inducible expression of the transferred gene . Ss required for induction of the gene by N- 
4.5 kbp petunia genomic DNA fragment ^ te,n f ri ^* e ^JJJX could be transferred to another 
(aminocarbonyl^-chlorobenzenesulfonamide. and that this inducibimy cou 



30 



35 



species. 



45 



50 



Expression of the Pg^ Gene in Transgenic Tobacco Callus 

Tne indudbiUty of toe P6.1 gene was aiso ^^^^"Z^^^ 
plants. It was felt that if toe expression ^^m.c^yjnductole^e ^ ^ be 

stimulation in callus, then testing and selection '° r ^0 transformants was placed on media 

accelerated. To this end. leaf tissue from one <rf the toe W JJJ^JSSlc acid and 0.3 ug/l ktoetin). 
that supports callus induction ^^^^"^ £f ^Serred to liquid media (MS media 
After five weeks. 1-1.5 cm call, had ^^^^Srtne) and shaken at 28' C ovemighL The 
containing 0.1 ug/l napthalene acetic acid ami Ol *f ™ ' MS media containing 100 mg/l N- 
next day. pieces of the callus were Mrt« ^fj^ ^Jples of callus tissue were removed 
(aminocarbonylha-chlombenzenesuifonam.de and * ^T^L* from callus tissue using toe 
S^SSK S?KS S r toTiL^d petonia PS gene and toe 
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wbaccoT2.1 g«n» by ""SSTSttfT^^ T^St 
Sm <*s.~«< to, bo* oen~ "J'^^^W* ' «-> » '"<""*" i1y °' "" e ' 9 " T HtS 

. , c MMM< v4 rallufi tiSSUe. 



exjjiosojuii i* 

level of transformed callus tissue 

10 EXAMPLE 22 



^^-pramote^ 
Construction of P6S5 

" "^sm* P655 was digested to 7*^^?,^ ^"2S£ J 

SUSS' downstream region, ^J^^^^SSSSo^ (M vM^ — 
„ .-riier Th e DMA was then extracted with w ^ u ^°' ul ^, |e L n with H ind III and Bam HI, extracted 
wS'ttatS. The binary vector pAGS502 ^^^l. Equimolar amounts of vector 
STZTequa. volume of phenol:ch.oroform (t:1 v/v) and ethanol preaprtat q ^ ^ ^ 

3 the^e. purified 3.9 kbp '-ert jere -n 0 U- for 4 hours ^ 

mixture was used to transform E. col. HB101 ant lauqu ow preparations were prepared from 

S plates containing 10 ug/ml tetra, ^' n f' Jf 3* Hindi" and Ban HI until a colony was found 
te^cycline-resistant colonies and subjected to ^f™^"™'^ pA GS 502. The binary vector 
SSned the desired 3.9 kbp DNA jBgment in *ej are available and cou.d be 
768502 used in this example is Jut one of « tag «J*j -JJJ^ pAQS111 r van d en Bzen et aU 
Csed for this purpose. To mate PW3S502, the E «° ™^ ^ 3 ' end gene between the left and ngtrt 
dL* Mol Biol 5- 149-154 (1985)1 (consisting of a ^°'v '"\ ^ Rl site of ^ e w j<je host range plasmid 

pRK290 tdWosed in Offla « *. P-^N* *^4£„ «»XM, . ana ^draJ-ans the by 

ssrssE ess fsssss - s^'— - - t - ~- 
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27). 

45 Construction of P661^ 



50 



ConsmJCtlOlipTroo^ ^^eto.r- 



55 Construction of P662 ^ . _ 
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linked to a 300 bp P6.1 promoter fragment and a 2.2 kbp P6.1 3' end fragment results from digestion of 
p658 with Hind ill and Bam Hi. This 4.4 kbp DNA fragment was subcloned into Bam Hi/Hind HI digested 
pAGS502 as described above and the resulting plasmid construction was designated P662 (Figure 27). 

5 

Construction of P663 

The methods used to create the plasmid construction P666 were repeated using the plasmid construc- 
tion P657 and pAGS 502 as the starting materials. A 5.4 kbp DNA fragment, consisting of a GUS structural 
to gene operably linked to a 1.3 kbp P6.1 promoter fragment and a 22 kbp P6.1 3' end fragment, results from 
digestion of P658 with Hind III and Bam HI. This 5.4 kbp DNA fragment was subcloned into Bam Hi/Hind III 
digested pAGS 502 as described above and the resulting plasmid construction was designated P663 
(Figure 27). 

15 

Transformation of Tobacco with P661 , P662, and P663 

The plasmids P656, P662, and P663 were moved into Agrobacterium tumefasciens (A14404/pAL4404) 
using the triparental mating procedure and tobacco (SRI) leaf pieces were transformed with each of the 
20 four chimeric GUS/P6.1 fusions using the procedures described in Example 21. 



Induction of GUS activity by N-(aminocarbonyQ-2-<^lorobenzenesulfonamide 

25 A number of regenerated plants that had been transformed with the P661 , P662, or P663 constructions 
were transferred to the hydroponic system described in Example 5. Root tissue was harvested from these 
hydroponically-grown plants and treated with N-(aminocarbonyl)-2-chlorobenzenesulfonamide as described 
in Example 14. The root material was then used to make crude protein extracts which were tested for GUS 
activity. The plants were then transferred to soil in pots and grown to maturity in a greenhouse as described 

30 earlier. 

Roots were homogenized in ice cold GUS assay buffer (50 mM sodium phosphate pH 7.0, 10 mM DTT, 
0.1% Triton X-100, 1mM EDTA using a Dounce type homogenizer. Cellular debris was then removed by 
centrifugation. Fluorometric GUS assays were performed using a Perkin-Elmer Fluorescence Spectrophoto- 
meter (650-40) set for an excitation wavelength of 365 nm and an emission wavelength of 455 nm. A 

as standard fluorescense vs. MU concentration curve was prepared by diluting 50 al of various concentrations 
of MU into 950 ul 0.2 M Na 2 C0 3 and measuring the fluorescence. 

GUS activity in root extracts of transformed plants was assayed by adding 15 ixl of the substrate (1 mM 
4-methyl umbilliferyl glucuronide in assay buffer) to 1 ml of crude root extract and incubating at 37" C. 
Fluorescence measurements were taken at of 0, 15 and 30 minute time points by adding a measured 

40 amount (1 to 50 til) of the GUS reaction to 1 ml 0.2 M Na 2 C03 and measuring the fluorescence of the MU 
generated in the GUS reaction. Protein concentrations in the crude root extracts were determined by 
Bradford protein assays. From 10 to 20 ul of root extract were added to 1 ml of Bradford Assay Stain (10 
jig/ml Coomassie Brilliant Blue G in 8.5% phosphoric acid) and the absorbance of the samples was 
measured at 595 nm. A protein concentration vs. absorbance curve was prepared using BSA as a protein 

45 standard. GUS activity in each root extract was standardized to protein concentration and expressed as 
GUS activity per microgram protein. 

The results of one such analysis are shown in Table 10. A number of plants transformed with the P661 , 
P662, and P663 constructions shown induction of GUS activity following treatment with N-(aminocarbonyl)- 
2-chlorobenzenesulfonamide. The variability seen in the expression of the chimeric GUS gene is commonly 

so seen when testing primary transform ants for the expression of a transforming gene. 
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TABLE 10 



10 



75 



20 



N-(aminocarbonyl)-2-chlorobenzenestJlfonamide Inducible GUS 
Expression in Tobacco Plants Transformed with Petunia P6 
Promoter/Gus Constructions 







GUS ACTIVITY 








(RJ/ug-min) 




Plant # 


Promoter 


Uninduced 


induced 


Fold 




Size (in bp) 






Induction 


P663/1 


1300 


7.4 


13.6 


1.8 


P663/10 


1300 


3.1 


8.9 


2.9 


P663/11 


1300 


6.7 


21 .0 


3.1 


P663/17 


1300 


8.5 


44.9 


5.3 


P663/36 


1300 


31.5 


31.2 


1.0 


P663/81 


600 


45.8 


102.1 


2.2 


P661/105 


600 


4.3 


7.0 


1.6 


P662/44 


300 


2.2 


7.8 


3.5 


P662/55 


300 


25.8 


76.6 


3.0 


P662/65 


300 


2.9 


5.1 


1.7 



25 



EXAMPLE 23 



30 



The Use of N-(aminocarbonyl)-2-chlorobenzenesulfonamide to Induce Expression of Recombinant Corn 2-1 
Promoter/GUS Gene Constructions in Trangenic Tobacco 



35 



40 



45 



50 



Construction of pJE518 and pJE519 

The recombinant 2-1 /GUS gene contained in plasmid pJE5l6 was stabiiy introduced into tobacco by 
Agrobacterium mediated transformation. The plasmid pJE516 was digested to completion with Bam HI and 
Xho I and the resulting 6.0 kbp DNA fragment consisting of a 3 kbp 2-1 promoter fragment/GUS/1.1 kbp of 
2-1 gene 3' downstream fragment was gel purified. This purified 6 kb Bam Ht/Xho I fragment from pJE516 
was then ligated into the Bam Hl/Xho I site of the binary vector pJJ 2644. The binary vector pJJ2644 is but 
one of a targe number of binary vectors that are available and may be used in this example. It was derived 
from the broad host range vector pRK2 and contains a hygromycin resistance gene (HYG) under control of 
the Agrobacterium 1,2' promoter and nopaline synthase 3' end between the left and right T-DNA borders. 
The HYG gene specifies hygromycin resistance in transformed plants. A polyiinker sequence was inserted 
downstream from the HYG gene to provide a set of unique restriction site for cloning. The Xho I site 
downstream of the T-DNA right border was removed as described earlier for the vector pAGS502. The 
resulting plasmid was designated pJE516 (Figure 28). 

The plasmid pJE 516 was also digested to completion with Bam HI and Hpa I. This excised a 4.5 kbp 
DNA fragment from the vector consisting of a 1.5 kb 2-1 promoter fragment/GUS/1.1 kbp of 2-1 gene 3' 
downstream fragment fusion. This fragment was gel purified and ligated into the Bam Hl/Hpa I site of pJJ 
2644 to create the plasmid pJE5l9 (Figure 28). These two plasmid construction were used to transform 
tobacco (Petite Havanna). 
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Transformation of Tobacco 



The constructs in pJE5l8 and pJE519 were mobilized from E. coli HB]01 into Agrobacterium 
tumefaciens in order to perform tobacco transformation. Fresh cultures of Agrobacterium AL4404 harboring 
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plasmid pAL4404 were grown in Minimal A media (10.5g K2PO4, 4.5g KH2PO4. ug (NHtfeSO*, 0.5 g 
NaCitrate # 2H 2 0, 1 ml 1M MgS04*7H 2 0. 10 ml 20% glucos , water to 1 I). E. coli HB101 harboring plasmid 
pRK 2013, and E. coli HB101 strains harboring the plasmids to be mobilized (pJE518 and pJE519) were 
grown overnight Ih L broth. Equal numbers of each type of cells were mixed together, plated on LB plates, 

5 and allowed to grown at 28 # C overnight. A loop full of the resulting bacteria was suspended in 10 mM 
MgSO*, plated at 10°, 10" 2 and 10 -4 dilutions on LB plates with 100 ug/ml rifampicin, 1 ug/ml tetracycline 
and allowed to grow at 28 *C for 2-3 days. Single colonies growing on these plates were streaked on 
minimal A plates (minimal A media plus 1% agar) containing 1 ug/ml tetracycline. Overnight liquid cultures 
were grown from these streaked colonies in minimal A at 28° C. 

70 Leaves were taken from 3-4 inch tall tobacco plants (Petit Havana) that had been grown in Magenta 
boxes and cut crosswise into approximately 5 mm wide strips using a surgical scalpel. The strips were then 
dipped briefly into the agrobacterium overnight culture and placed on bacterial cocultivation plates. Bacterial 
cocultivation plates contain MS salts (1.9 g/l KNO3, 1-65 g/l NH4NO3, 0.44 g/l CaCfe* 2H 2 ). 0.37 g/l 
MgS0 4 - 7H 2 0, 0.17 g/l KH2PO4, 10.3 mg/l ZnS04 # 7H 2 0. 16.9 mg/lMnS04'H 2 0, 6.2 mg/l H 3 B0 3 , 0.84 mg/J 

75 Kl, 0.2 5mg/l Na 2 MoO**2H 2 0. 0.025 ug/l CuS04 # 5H 2 0, 0.025 mg/t CoCI 2 *6H 2 0, 37.2 ug/l 
Na 2 EDTA*2H 2 0. 27.8 ug/l FeS04*7H 2 0). B5 vitamins (1 ug/l nicotinic acid, 10 ug/l thiamine HCI, 1 ug/i 
pyridoxine HCI, 100 ug/l myo-inositol). 0.59 g/l MES, 30 g/l sucrose. 8 g/l agar, 0.1 ug/l napthaleneacetic 
acid, and 1 ug/i benzyiadenirte. 

After incubation at 27* C with 16 hour days/8 hour nights for three days, bacteria were washed from the 

20 leaves by shaking them for 3 hours with liquid MS (same media as used in bacterial co-cultivation plates, 
but without agar) containing 500 ug/l cefotaxime. The leaf pieces were then placed on MS medium 
containing 100 ug/l vancomycin and 30 ug/l hygromycin and incubated at 27 "C and incubated under the 
same conditions described above. Shoots began to appear after about one month. These shoots were 
transferred to MS media containing 1 uM indolebutyric acid and 30 ug/l hygromycin when they were about 

25 1 cm tall. Plantlets were moved to Magenta boxes (containing the same media), and allowed to grow to 2-3 
inches tall before being moved to hydroponics. 



Induction of GUS Activity by N-(aminocarbonyl)-2-chlorobenzenesulfonamide 

30 

Seven plants transformed with the pJE518 construction and five plants transformed with the pJE519 
construction were transferred to the hydroponic system described in Example 4. These transform ants were 
grown hydroponically until they had developed sufficient root mass to allow removal of small samples 
without destroying the plants. At this point approximately one-third of the root material from each plant was 

35 harvested and frozen in liquid nitrogen. The plants were then moved to trays containing 0.5X Hoagiand's 
solution with 200 mg/I N-(aminocarbonyl)-2-chlorobenzenesulfonamide. After 6 hours of incubation in the 
presence of the chemical, another one-third of the root material was harvested from each plant. Root 
material was used to make crude protein extracts which were tested for GUS activity. Plants were then 
transferred to soil in pots and grown to maturity in a greenhouse. 

40 Root material was homogenized in ice cold GUS assay buffer (50 mM sodium phosphate pH 7.0, 10 
mM DTT, 0.1 % Triton X-100, 1 mM EDTA using a Polytron (Brinkmann Instruments) GUS activity in roots 
was then measured after 0, 1, 2, and 4 hours as described in Example 15. 

The results of this analysis are shown in Table 11. A number of plants transformed with the pJE 518 
and the pJE5l9 construction show up to a 13 fold induction of GUS activity following treatment with N- 

45 (aminocarbonyl)-2-chlorobenzenesulfonamide. The variability seen in the expression of the recombinant 2-1 
promoter/GUS construction is commonly seen when testing primary transformants for the expression of a 
transforming gene. The plants showing the highest level of responsiveness to chemical treatment were both 
self-fertilized and backcrossed to Petite Havana tobacco. Seeds resulting from backcrosses of a number of 
these plants were germinated and grown in Magenta boxes with a hygromycin selection. After a root 

so strucure formed on each plant, root pieces of each were excised and incubated overnight on rooting media 
with or without N-(aminocarbonyl)-2-chlorobenzenesurfonamide. GUS assays were performed on extracts of 
these roots on the following day. The results of this assay are given in Table 12. Roots from the progeny of 
the backcrosses show N-(aminocarbonyl)-2-chlorobenzenesulfonamide inducible GUS activity, with two 
plants transformed with the pJE519 construction showing a ten-fold induction. Additional progeny of these 

ss crosses will be tested for the inducibility of the recombinant GUS gene in response to the both hydroponic 
and foliar application of N-(aminocarbonyl)-2-chlorobenzenesulfonamide. 
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TABLE 11 



N-(aminocarbonyl)-2-chtorobenzenesulfonami- 


de Inducible GUS Expression in Tobacco 


Plants Transformed with 2-1 Promoter/Gus 




Constructions 




A. Transgenic plants containing pJE518 




construction 






GUS ACTIVITY 






(FU/ug-min) 




Plant 


Uninduced* 


Induced* 


Fold 


# 






Induction 


518-1 


1.0 


1.9 


1.9 


518-2 


1.2 


1.8 


1.5 


518-3 


0.67 


89 


13.0 


518-4 


2.9 


5.5 


1.9 


518-5 


0.72 


0.24 


0.33 


518-6 


0.74 


2.4 


3,2 


518-7 


0.67 


5.0 


7.5 


B. Transgenic plants containing pJE519 




construction 






GUS ACTIVITY 






(FU/ug-min) 




Plant 


Uninduced* 


Induced* 


Fold 


# 






Induction 


519-1 


0.75 


1.8 


2.4 


519-2 


0.70 


1.1 


1.5 


519-3 


0.41 


1.3 


3.2 


519-4 


1.56 


7.2 


4.6 


519-5 


0.39 


3.9 


10.0 



"Induction in Table 7 was accomplished by hydroponic treatment 
transformed plants with 200 mg/l of 
N-(aminocarbonyl)-2-chlorobenzenesulfonamide 



TABLE 12 



GUS Assays for Backcross Progeny GUS Activity (FU/mg-min) 


Plant 


Cross 


-D5293 


+ D5293 


Fold 


Fold Induction 










Induction 


of Parent 


801-3 


518.2 X Petite Havana 


1.04 


4.4 


42 


1.5 


801-4 


518^ X Petite Havana 


1.03 


5.3 


5.1 


1.5 


802-5 


5.8.6 X Petite Havana 


1.39 


7.9 


5.7 


3.2 


802-6 


5.8.6 X Petite Havana 


1.46 


4.8 


3.3 


3.2 


803-5 


519.3 X Petite Havana 


0.20 


2.0 


10 


3.2 


803-6 


519.3 X Petite Havana 


0.16 


1.5 


9.4 


3.2 
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EXAMPLE 24 



of DJES73, PJE578-1 and pJESTgg 

. ^ • nTDSi30 was stabily introduced into tobacco by 

The chimeric 2-2/GUS gene contained m Pjf^J™ was Rested to completion with Xba I and 
agrobacterium mediated 2 2T« pTmoter fragment/GUS/1 .1 kbpof2-1 gene 

the resulting 4.3 kbp DNA fragment ^ of MJUJP £ *P , fragm ent from pJE516 was then 
3 downstream fragment was gel purified. This purfflw *» p 

Sg^nto the binary vector T£SSS^Bm HI and the 3.4 kbp DNA fragment 

The plasmid pTDS130 was also Rested to comp e ^n J.m a downstream fragment from 

consisting of a 0.45 kbp 2-1 promoter ^f D A6S502 to ytel i the plasmids pJE578-1 and p0M 
ff-pSSi: rSr^ro^ns o, - 2, recombinant instructions ,n 

20 the binary vector. 

Construction of pPuPU3 

into the binary vector pZS96 to yield the plasm.d pDuPUS. 



10 



15 



30 



35 



Transformation of Plants 

• . ^.psya-i and PJE578-8 from E. coli (strain HB101) into 

Mobilization of the consto^sm pJE573. disks . and regeneration of piants were 

Agrobacterium tumefaciens . transformation of SHI tooacc 

oerformed as described in Example 23. mnWK **i from E. coli HB101 into Agrobacterium 

P Z recombinant ALS gene in pDuPU .was t £^^£ UBSQ «» plasmid pRK2013 was 
tumefaciens strain LBA4404 by a^*'^ J en ^sSs HB101 containing pDUPU3. HB101 with 
u sed as a T e lper for plasmid mobilization matings. Bacteria "J" appropriate selective antib.ot.cs. 

^3 and' LBA4404 were grown ^ ^Cand resuspended in 5 ml LB 
Bacteria were harvested by ««^*J^ Q JSh cuLe in a 1.5 ml microfuge tube and piping 
broth. Matings were performed by mixing 100 ul of eacr ,cu were placed on 6-8 sheets erf 

aliouots of the mixture onto sterile Millipore type HA n^oc^ltnose °= transferred to LB agar in 100 

Se vymatman #1 fitter paper to remove **™ s ^?™^T*Tc ****** were washed from the 
mm petri dishes. After incubation ^ SJJlta 1 * 10 mM M 9 S °- ^ bBC T5 

nTocSlulose discs into sterile 4 ml poly propylene cutoretobe^usmg 100 ug /ml each of 

werTserially diluted and various — were ^ prepara «ons made from resistont 

SS «-3SSrS SSS-^-SJSL. DNA by Southern «* anaiy«s of „ Plasm,, 



40 



45 



50 
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Transformation of Plants 



iransTomiouwi. ^ ■ — — 

Condons were induced Into »e ^^^^j^^^S^ 
disks. Standard aseptic techniques for toe * Potted tob acco plants tor leaf disk 

were followed, including the use of a J?™f Sr^d for a 12 hours. 24* C day. 12 hour 20 C night 
infections were grown in a growth chamber ™ orescerrt ^ incandescent lights. Tobacco leaf 

cycto. at 80% relative ^J^Z^^Ztt Horsch et al. (Horsch. a B.. Fry. J. E.. 
disk infections were earned out essentially oy u 
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Hoffman, N. L, Eichholtz, D.. Rogers. S. G. t and Fraley, R. T. (1985) Sci nee 227, 1229-1231). 

Young 4-6 inch partially expanded leaves were harvested with a scalpel from 4-6 week old plants. The 
leaves were surface sterilized for 30 minutes by submerging them in approximately 500 ml of a 10% 
Clorox, 0.1% SDS solution and then rinsing 3 times with sterile deionized water. Leaf disks were then 

s prepared using a sterile 'paper 6 mm punch and they were inoculated by submerging them for several 
minutes in 20 ml of a 1:10 dilution of an overnight LB broth culture of Agrobacteria carrying the plasmid of 
interest. After inoculation, leaf disks were placed in petri dishes containing CN agar medium (MS salts 
(Gibco) 30 gm sucrose, 8 gm agar, 0.1 ml of 1 mg/ml NAA, and 1 ml of 1 mg/ml BAP per liter, pH 5.8). The 
plates were sealed with paraftim and incubated under mixed fluorescent and °Gro and Sho" plant lights 

io (general Electric) for 2-3 days in a culture room maintained at approximately 25* C. 

Leaf disks were transferred to fresh CN medium containing 500 mg/L cefotaxime and 100 mg/L 
kanamycin. The disks were incubated under the growth conditions described above for 3 weeks and then 
transferred to fresh media of the same composition. Approximately 1-2 weeks later shoots which developed 
on kanamycin-selected explants were excised with a sterile scalpel and planted in A medium (MS salts 

75 (Gibco), 10 gm sucrose and 8 gm agar per liter) containing 100 mg/L kanamycin. Shoots which rooted were 
transferred to soil and grown in a growth chamber as described above. 



Induction of GUS Activity In Plant Transformed with B-glucoronidase Gene Constructions 

20 

Plants transformed with the JE573, pJE578-1 and pJE578-8 constructions were grown hydroponically, 
treated with 200 mg/l N-(aminocarbonyl)-2-chlorobenzene and assayed for the induction of GUS activity as 
described in Example 23. 

The results of this analysis are shown in Table 13. A number of plants transformed with the JE573, 
25 pJE578-1 and pJE578-8 constructions display the induction of GUS activity following treatment with N- 
(aminocarbonyl)h2-chlorobenzenesuffonamide. The variability seen in the expression of the chimeric GUS 
gene is commonly seen when testing primary transformants for the expression of a transforming gene. The 
plants showing the highest level of response to chemical treatment have been selfed, and progeny of these 
selfs will be tested for stability of the gene and the inducibility of the chimeric GUS gene in response to the 
30 foliar application of inducing compounds. 
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TABLE 13 



70 



15 



20 



Plant 


GUS Specific Acitivity 


Fold 


X Progeny 


#of 


I.D. 


(ftu/ug protein/mtn) 


Induction 


Segregation 


loci 










Kan-R/Kan-S 




CONSTRUCT 573 


4 


0.54 


1.12 


2.1 


90/11 


2 


5 


1.25 


3.62 


2.9 


39/16 


1 


6 


0.50 


3.06 


6.1 


102/4 


3 


8 


0.45 


1.76 


4.0 


38/13 


1 


9 


0.016 


0.128 


8.0 


0/50 


0 A 


10 


3.73 


5.34 


1.4 


100/18 


2 


11 


0.42 


1.40 


3.3 


36/3 


2 


12 


0.35 


1.54 


4.4 


63/6 


2 


CONSTRUCT 578-1 


13 


0.006 


0.003 


1 


41/22 


1 


14 


0.003 


0.003 


1 


NA 


NA 


19 


0.094 


0.128 


1.4 


118/4 


>2 


27 


0.062 


0.127 


2 


45/19 


1 


32 


0.272 


1.445 


5.3 


53/24 


1 


35 


0.004 


0.002 


1 


NA 


NA 


37 


0.018 


0.145 


8.3 


52/16 


1 


CONSTRUCT 578-8 


6A 


1.86 


6.19 


3.3 


46/14 


1 


6B 


1.18 


2.73 


2.3 


80/35 


1 


7 


0.79 


1.80 


2.3 


125/0 


>2 


9 


1.45 


4.20 


2.9 


NA 


NA 


10 


4.83 


6.25 


1.3 


121/8 


2 



35 

Induction of Herbicide-Resistant ALS in Plants Transformed With pDuPS22 

Plants transformed with the pDuPS22 construction were grown in soil for three weeks and two upper 

40 (eaves were harvested from each plant. One leaf was placed into a beaker containing 0.5X Hoagland's 
solution such that the bottom 2 cm of the cut end of the leaf was submerged in liquid. The second leaf was 
placed in a beaker containing 0.5X Hoagland's containing 200 mg/l N-(aminocarbonyl)-2 chlorobenzenesul- 
fonamide. Leaves were then incubated in the growth chamber for 16-24 hours and divided in half. One half 
was analyzed for the expression of ALS mRNA, while the other was analyzed for the expression of sensitive 

45 and herbicide resistant ALS enzyme levels. 

The expression of stable cytoplasmic mRNA transcribed from the wild type and transforming ALS 
genes in transformed plants were measured by RNAse protection analysis. In this manner, expression of 
the pDuPS22 construction was distinguished from the wild type ALS genes by virtue of the fact that the 
pOUPS22 transcript has a 2-2 untranslated leader that is divergent from the untranslated leader of the native 

so ALS genes. To this end, the Eco Rl/Nco I fragment of the tobacco SurB ALS gene that spans the region 
from 133 bp 5' to the SurB translation start site to 348 bp beyond the SurB translation start was cloned in to 
the vector pTS64 to create the plasmid designated pTSNTC (the isolation of the wild type SurB gene is 
taught in European Patent application number 0257993, and a herbicide-resistant SurB gene is available 
from ATCC as accession number 67124 and may be substituted for the wild-type SurB gene to obtain the 

55 same result) The plasmid pTS64 was prepared by digesting the plasmid pSP64 (Promga Biotech, Inc.) to 
completion with Bam HI and ligating the vector with synthetic double stranded oligonucleotide of th 
sequence 
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5 • -GATCTATCGATCCATGGTCTAGAAAA-3 ' 

3 • -ATACGTAGGTACCAGATCTTTT-5 • . 

The ligation mixture was then heated to 65 *C for 10 mm. and digested to completion with Xba I. The 
digestion mixture was heated to 65 *C for 10 min. again and subjected to ligation with T4 DNA ligase 
overnight. Following transformation of the ligation mixture into competent E. coli DH5, a colony was 
identified that contained desired sequence 

5 • -GATCTATCGATCCATGGT-3 • 

3 ' -ATACGTAGGTACCAGATC-5 ■ 



1S encoding a Cla I site and an Nco I site inserted into the pSP64 polylinker. 

A 520 b 32 P-labelled antisense ALS RNA probe was prepared from Eco Rl linearized pTSNTC using 
SP6 polymerase in the presence of cr^P dCTP with a kit by following the manufacturer's recommended 
protocol. Hybridization of wild type ALS mRNA to this 520 b ^P-labelled antisense RNA should protect 410 
b of the probe, while hybridization to the pDUPS22 transcript should protect only 348 bp of the probe 

20 corresponding to the region 3' to the translation start site of the pDuPS22 mRNA. 

RNAse protection assays were carried out using the protocol of Zinn et al. (Zinn et aJ. Cell (1983) 34, 
865-879). Labelled antisense strand RNA was annealed to total RNA from either wild type tobacco plants or 
to 10 ug of total RNA from plants transformed with the pDuPS22 construction. The sizes of the labelled 
RNA fragments remaining after digestion with RNAse T1 and RNAse A were determined by electrophoresis 

25 using 6% denaturing poly aery lam ide gels. Results of such analyses showed that N-(aminocarbonyl)-2 
chlorobenzenesulfonamide treatment of plants transformed with the pDuPS22 2-2 promoter/HRA recom- 
binant gene resulted in the induction of high levels of stable cytoplasmic HRA mRNA. 

As a preliminary test of the inducibiiity of the sulfonylurea-resistant ALS gene, several small leaves 
were excised from each of sixteen kanamycin-resistant shoots, sliced into 2-3 mm pieces, and placed on 

30 callus induction medium that consisted of MS salts, 100 mg/L Mnosrtol, 0.4 mg/L thiamine, 3% sucrose, 1 
mg/L NAA, 0.2 mg/L BAP, 0.8% agar, 500 mg/L cefotaxime, pH 5.8 containing either 100 ppb chlorsulfuron. 
10 ppb chlorsulfuron + 100 ppm D5293, 100 ppm D5293, or no selective agent. Callus formation was scored 
as plus or minus after three weeks of growth. Results are summarized below: 



35 


No Selection 


16/16 formed callus 




10 ppb Chlorsulfuron 


12/16 formed callus 




10 ppb Chlorsulfuron + 100 ppm D5293 


0/16 formed callus 




100ppmD5293 


0/16 formed callus 



40 



Protein extracts were prepared from leaves of a number of kanamycin resistant plants that were treated 
with N-(aminocarbonyl)-2 chlorobenzenesulfonamide and assayed for ALS enzyme activity as described by 
Chaleff and Mauvais [Chateff R. C. and Mauvais C. J. (1984) Acetolactate synthase is the site of action of 

45 two sulfonylurea herbicides in higher plants. Science 224:1443-1445]. The reaction product acetoin, was 
quantified by measuring optical density at 530 nm [Westerfield WW (1945) A cotorometric determination of 
blood acetoin. J. Biol. Chem. 161:495-502]. For each extract, replicate enzyme assays were performed 
reactions either with no herbicide or 100 ppb chlorsulfuron. The average ALS activity in the presence of 
chlorsulfuron, expressed as a percentage of the total average ALS activity measured in the absence of 

so herbicide, is presented in Table 14. 

These results show that two of the seven plants showed increases in the level of chlorsulfuron-resistant 
ALS following chemical treatment, it should be noted that there is a well documented biological mechanism 
that keeps the ALS specific activity fixed in tobacco. Therefore, even though all plants tested showed 
induction of herbicide-resistant ALS mRNA. the inability to increase the total ALS activity in leaves is to be 

S5 expected. Those plants showing near 100% resistant ALS activity when uninduced represent plants where 
sufficient expression of the resistant ALS gene was obtained in the absence of chemical treatment to yield 
significant amounts of resistant enzyme. The level of gene expression in untreated plants transformed with 
genes driven by the 2-2 promoter is a position effect, and is seen to vary dramatically from undetectabl to 
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v ry high level, both with 2-2/ALS and 2-2/GUS g n constructions. It is expected that a number of plants 
with no uninduced ALS activity will be found wh n a larg r population of 2-2/ALS transform ants is studi d. 

TABLE 14 



5 





Plant 


OD 530 - No 
Herbicide 


OD530- 100 ppb 
Chlorsulfuron 


% Uninhibited 
Activity 




Untran stormed 








in 
rV 


Untreated 

Treated with D5293 


0.204 
0.267 


0.010 
0.034 


5 
13 




Transformant #44B 








15 


Untreated 

Treated with D5293 


0.333 
0.385 


0.306 
0.365 


92 
95 




Transformant #53A 








20 


Untreated 

Treated with D5293 


0.244 
0.331 


0.251 
0.312 


103 
94 




Transformant #61 A 










Untreated 

Treated with D5293 


0.376 
0.912 


0.347 
0.901 


92 
99 


25 


Transformant #63A 










Untreated 

Treated with 05293 


0.457 
0.835 


0.178 
0.732 


39 
88 




Transformant #74C 








30 


Untreated 

Treated with D5293 


0.859 
0.400 


0.822 
0.408 


96 
102 




Transformant #79A 








35 


Untreated 

Treated with D5293 


0.492 
0,366 


0.309 
0.325 


63 
89 




Transformant #93A 








40 


Untreated 

Treated with D5293 


0.324 
0.989 


0.313 
1.003 


97 
101 



45 EXAMPLE 25 



The Use of N-(aminocarbonyl)*2-chioroben2enesulfonamide to Induce Expression of a Recombinant 2-1 
so Promoter/GUS Construction in Transgenic Brasscca " 

Standard aseptic techniques for the manipulation of sterile media and axenic plant/bacterial cultures 
were followed, including the use of a laminar flow hood for all transfers. 

Seeds of Brassica napus cv. Westar were sterilized by soaking in 70% ethane! for three minutes 
55 followed by a 20 min treatment in 20% v/v bleach (sodium hypochlorite). The seeds were rinsed in sterile 
distilled water three times and planted at a density of nine seeds per Mag nta box on seed germination 
media (Germination media: MS (Murashige and Skoog) salts, 1% sucrose, 3 mM MES buffer, and 0.8% 
Hazleton TC agar). Seeds were germinated at 24 *C using a 16 h light/ 8 h dark photoperiod with a light 
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TO 



15 



intensity of 4000 lux. AJtor ttse 0... « ~ «. - - - — — 

Jl'a.,™. «n*W i" mlnta* * "»«*» iStSloM « added; 1 ml dl 1 M 

SSI's sua wr-rssar as: — - - -* 

Z hypo«t»l sectione •» ^W^r TrtSu"reg».rall»n media (MS salts. B5 

-JTvS»>' »' P»" «"** h " d T," T?£> ?™» iS* Jo*. Hazleton TC agrt. The 

The hvDOCOtyl sections were transferred to solid Wlted ftat the transformed cells 

„ £cLe M expoaed to .*^ ( , B 3 mrnf,. b. excised M the *^~»«Z£», 

um 30 deva. the ealli wese large enough IV" ""J" _ « , MS saK , B5 uitamtna. 3% sucaoae^d 
e^hyouSyls were MnsW » W™" 2, ^Jj.. pH 5* supplement*! with 500 

m£ MES Woof. 2Ji mM IBA. 15 tttU O WO j"* 8 ™^^" ^ growth and rapid regeea-atton 

Syers ^ me calli will be trimmed « ^^jl^jS £ ca«us and transferred to *£. 
shoots have regenerated from the aM. ftjfjj B 5 vitamins 1% sucrose. 3 jMMB 

boxes containing rocrtng med.u^^ M „ shQOts beC ome vitnfied. the «ds of the 

(anMnoca^^ the induction of both 6US mRNA and GUS 

plants transformed with tne poca 
45 enzyme activity upon chemical treatment. 



Example 26 
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until analyzed. 

Slot Blot Analysis of RNA from Chemically Treated Com Plants 

5 

Details of the RNA isolation and slot blot analysis procedures are presented in Example 1. Total RNA 
was prepared from the root tissue of plants that had been treated with various chemicals using the 
previously described guanidine thiocyanate procedure. Replicate blots, each consisting of 2 ug of total RNA 
from tissues treated with each of the chemicals shown in tables 8 and 9, were prepared on nitrocellulose 

10 membranes using a Minifold II© Slot-blotter (Schleicher & Schuell) following the manufacturer's recom- 
meneded procedure. Replicate blots were prehybridized and hybridized with cDNA probes made by nick 
translation of the purified cDNA inserts from plasmid pin 2-1, pin 2-2-3, and pin 5-2. Slot blots were washed 
as described in Example 1 and exposed to Kodak X-OMAT XAR-5 film for 24 hours at -80* C using using a 
single Ou Pont Lightning Plus intensifying screen. Rim was developed using a Kodak X-OMAT film 

75 processor. The ability of a chemical to induce the mRNA encoded by the three inducible genes was 
evaluated in one of two ways. Qualitative evalutation was performed by direct visual comparison of the 
autoradiographic signal intensities on the films for the hybridization of each probe to the different RNA 
samples. Quantitative evaluation was performed by cutting each slot containing hybridized RNA from the 
blot immersing it in 2 ml of Du Pont ECONOFLUOR® scintillation cocktail and counting the radioactivity in 

20 each slot in a scintillation counter. The net amount of radioactivity hybridizing to N-(aminocarbonyl)-2- 
chlorobenzenesulfonamide-treated RNA after subtraction of radioactivity hybridizing to untreated RNA is 
presented in Table 15. 
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TABLE 15 



Compound* • 



In 2-1 



in 2-2 



In 5-2 



l 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 



204 
111 

70 
295 
296 
244 
251 
173 

53 
203 
102 

49 

60 



332 
270 
260 
237 
136 
135 
129 
1?1 
110 
94 
70 



8 

1 



47 
58 
61 
76 
59 
53 
72 
47 
33 
63 
36 
14 
55 



*The names of the compounds tested for induction 
of the 2-1, 2-2 and 5-2 promoters in corn roots are 
listed below. All compounds were used at a 
concentration of 200 mg/1. 

1. diethyl [ [2-1 (butylaminocarbonyl) aminosulf onyl] 
phenyl] ] phosphonate 

2 . N ' - [ 2- ( n-butyl aminocarbony 1 ) 3 -6-chloro-N , N- 
dimethy 1-1 , 2-benzene-disulf onamide 

3 . N-isopropylcarbamoylbenzenesulf onamide 

4 . 2-chloro-N-(methyl'aminocarbonyl)benzene- 
sulfonamide 

5 . N-<aminocarbonyl)-2-chlorobenzenesulf onamide 

6. l-cyclohexyl-3-methylsulfonylurea 

7. l-butyl-3-tnethylsulfonyiurea 

8. 2-chloro-N-t [3-(2-etV>xyethoxy) propyl] amino- 
carbonyl]benzenesulr.onamide 
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TA3LE 15 (continued) 



9 . 2/3-dichloro-N-[(cyclopropylamino)carbonyl]- 
benzenesulfonamide 

10. methyl 2-[ (aminocarbonyl) aminosulf onyl)benzoate 

11. N- (aminocarbonyl) -2 , 3 -dich lor obenzensulf onamide 

12 . 2 , 3-dichloro~N~ [ ( cyclopentylamino)carbony 1 ] - 
benzenesulfonamide 

13 . N- ( aminoca r bony 1 ) -4 - ( 1 , 1-dime thy lethy 1 ) -2 - 
nit robenzenesu If onamide 

The responsiveness of the 2-1, 2-2 and 5-2 genes of Missouri 17 corn to hydroponic application of plant 
hormones and various chemical compounds associated with plant stress was examined. In addition, the 
responsiveness of the corn genes to stress stimuli was also examined. The results are summarized in Table 
16. 

TABLE 16 



PLANT HORMONES 


In2-1 


ln2-2 


ln5-2 


Abscisic acid (100 ppm) 


+ 






6-Benzyladenine (benzyl amino purine) (100 ppm) 


+ + 






2,4-dichlorophenoxyacetic acid (100 ppm) 


+ + + 


+ 




Gibberellic acid (100 ppm) 








Indole acetic acid (100 ppm) 


+ + + 


+ 


n/a 


Indole butyric acid (100 ppm) 


+ + 


+ 


n/a 


Naphthaleneacetic acid (100 ppm) 


+ 






p-chlorophenoxyacetic acid (100 ppm) 


+ + 


+ + 


+ 


STRESS STIMULATION 








Acetylsalicylic acid (200 ppm) 


+ + 


+ + 


+ + 


NaCI (100 mM) 








Proline (20 mM) 








Salicylic acid (200 ppm) 


+ 


+ 


+ 


Salicylamide (200 ppm) 


+ + 






Urea (100 mM) 









A maximum induction level is represented by "+ + + + + n . This was correlated to the level of induction 
routinely observed with 100 ppm N-AminocartK>nyl-2^lorobenzenesulfonamide as the inducing compound. 



Example 27 



Response of a Recombinant Gene Whose Expression is Controlled by a 2-2 com promoter to substituted 



benzenesulfonamides and Structurally Related Compounds in Transformed Rice Protoplasts 
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Th ability of various substituted benzenesulfonamides and related compounds to induce the expr s- 
sion of recombinant genes consisting of a GUS coding region driven by regulatory sequence derived from 
the 2-2 corn gene was evaluated in transformed rice protoplasts. Details concerning establishing rice 
suspension cultures, isolation and transformation of protoplasts, and the assay of GUS activity were 

5 described in Example 14. 

Rice protoplasts were transformed with the recombinant DNA construction pTDS133 and then treated 
with different compounds at a concentration of 100 ug/l as described in Example 10. Table 17 summarizes 
the results of two such analyses. A number of substituted benzenesulfonamides tested demonstrated the 
ability to induce GUS activity in transformed protoplasts, with N'-t2-(n-butylaminocarbonyl)]-6-chloro-N t N- 

io dimethyM ,2-benzenedisulfonamide being most active. 

In this example, the ability of the various substituted benzenesulfonamides to induce the expression of a 
recombinant 2-2 promoter/GUS construction in transformed rice protoplasts is shown to correlate with the 
ability of the same compounds to induce the expression of the endogenous 2-1 and 2-2 genes in 
hydroponically grown Missouri 17 com (Example 17). This indicates that the rice protoplast transient assay 

75 system is a valuable predictive method for determining the ability of a chemical to induce genes whose 
expression is regulated by promoters that are inducible by substituted bezenesulfonamides and related 
compounds in whole plants. 



TABLE 17 

20 



30 



40 



COMPOUND 


Assay 1 


Assay 2 


Assay 3 


AVE. 
INDUCTION 


1 


0 


0 




0 


2 


1 


1 




1 


3 


7.67 


N/A 




7.67 


4 


29.8 


N/A 




29.8 


5 


8.7 


6.8 


43 


7.75 


6 


N/A 


4 




4 


7 


8.9 


5.4 




7.15 


8 


27 


14.5 




20.75 


9 


7.4 


11.2 




9.3 


10 


N/A 


1.6 




1.6 


11 


N/A 


3.6 




3.6 


12 


N/A 


N/A 


17 


17 


13 


N/A 


N/A 


16 


16 


14 


N/A 


N/A 


27.3 


27.3 


15 


N/A 


N/A 


24.1 


24 


16 


N/A 


N/A 


30.2 


30 


17 


N/A 


N/A 


16.6 


16.6 


18 


N/A 


N/A 


1.6 


1.6 


19 


N/A 


N/A 


5.2 


5J2 


20 


N/A 


N/A 


38.6 


38.6 


21 


N/A 


N/A 


24.2 


24.2 



The chemical names of the compounds tested for induction of the 2-2 promoter/GUS fusion are listed 
below: 

1. NO DNA 

2. 35S-GUS control 

3. methyl 2-t(am!nocarbonyl)aminosulfonyl]benzoate 

4. N'-butylaminocarbonyl-6-chloro-N,N-dimethyl-1 ,2-benzenedisulfonamide 

5. N-(aminoc3Jtwnyl)-2-chlorobenzenesurfdnamide 

6. N-(aminocarbonyl)-4-(1 ,1 -Dimethylethyl)-2«^rlro-benzenesulfonamide 

7. N-(aminocarbony0-2,3-dichlorobenz nesulfonamide 

8. 2,3-dichloro-N-£(cydopentylamino)carbonyl]benzenesulfonamide 

9. 2-chloro-N-(methylaminocarbonyl)benzenesulfonamide 

10. o-[(1 ,3-dioxolan-2-yl-methoxy)-irninoIbenzeneacetonitrtle 
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11. phenylmethyl 2^hloro-4«<trifIuorornethyl)-5-th!a20lecarboxylate 

12. methyl 3-[(butylaminocarbonyl)-aminosutfon^ 

13. methyl 2-[[(butylamino)aminosuIfonyJJ-6-chlorobenzoate 

14. methyl 3-t(butylami*nocarfaonyl)aminosutfonylJ-2-furancarboxylate 
5 15. N-[(biJtylamino)caitK5nyl]-3-meth^ 

16. N'-[(butylamino)carbonyl]-N-methyl-N-(1 ,1 ,2,2,-tetrafluoroethyl)-1 ,2-benzenedisulfonamtde 

1 7. 2-methoxy-6-methyl-N-(methy laminocarbonyl)benzenesutf onamide 

18. N,N-dimetfiyl-2-[(aminocarbonyl)aminosulfonyl]-3-pyridine carboxamide 

1 9. N-butylaminocarbony IH-chloro-3-py ridinesulf onamide 
10 20. N-(propylaminocarbonyl)-2-pyridinesulfonamide 

21 . 2,6-dichloro-N-[(1 , 1 •dimethyl)aminocarbonyl]-3-pyridinesulfonamide 



Example 28 

75 



Induction of the Petunia P6 Gene and the Tobacco T2 Gene by Salicylic Acid 

20 Petunia and tobacco plants were grown as described in Example 5 and treated hydroponically with 
either 200 mg/l of N-(aminocarbonyl)-2-chiorobenzenesulfonamide or 100 mg/l of salicylic acid for 2. 4, 6 
and 22 hours. Total RNA was isolated from the roots of treated plants and analyzed for the expression of 
PG mRNA by RNAse protection as described in Example 4. P6 RNA was detectable by 2 hours following 
N-(aminocarbonyl)-2-chlorobenzenesulfonamide treatment and reached maximum levels by 6 hours. How* 

25 ever, maximal levels of P6 RNA were seen by 2 hours following salicylic acid treatment, and this level 
declined to that seen in untreated plants by 6 hr. This result may suggest a different mode of action for the 
chemicals. 



30 UTILITY 



The promoters shown in figures 2, 4, 5 and 7 are useful for regulating the expression of structural 
genes operably linked to plant promoters derived from the genes in response to the external application of 

35 compounds of the Formulae MX. Regulation of genes is achieved by application of the compounds of 
formulae MX to transgenic plants containing chimeric genes consisting of structural genes encoding a gene 
product to be regulated operably linked to promoters described in figures XX-YY and their derivatives. 

A number of method are available for application of the inducing compounds described herein. The 
inducer may be applied directly to the crop seed. The seeds may be uniformly coated with the inducer 

40 according to standard seed treating procedures prior to planting. Alternatively, the inducer may be applied 
over the the exposed seeds in open furrows at planting, just prior to covering the seed with soil (in-the- 
furrow treatment). The inducer may be applied post-emergence at the specific time that expression of the 
desired gene(s) is appropriate. Post emergent application may be directed so that the inducer is primarily 
applied to the crop. The amount of inducer will vary depending on the specific inducer and the method of 

45 application used. The crop species and cultural practices may also have an effect 

It is expected that regulating the temporal expression of genes responsible for a number of plant traits 
will be agronomicaliy beneficial in transgenic plants. Examples of traits include herbicide resistance where 
limiting a plant's resistance to a class of herbicide(s) by controlling the expression of a gene conferring 
herbicide resistance would be beneficial. In this manner, unwanted volunteer plants germinating in the field 

so as a result of seed lost during the harvest could be easily eliminated if the inducing gene were left 
unactivated. Examples of such herbicide resistance genes include resistant forms of the acetolactate 
synthase gene (sulfonylurea herbicide resistance), the 

5-enolpyruvylshikimate-3-phosphate synthase gene (glyphosata resistance), and the BAR gene (encoding 
Basta resistance). 

55 Controlling the xpression of gen s conferring pathogen and insect resistance would also be of 
agronomic benefit By limiting the expression of these resistance genes to the times in the pest's life cycle 
when infestation occurs, one would limit the rate of appearance of resistance to the gene product in the 
pest population by limiting the expression of the resistance genes to short periods of time. Restricting the 
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expression of resistance genes to relatively short times during the growth cycle of the plant may well 
minimize any yield penalty associated with constitutive expression of the desired gene. Examples of such 
genes include any of genes encoding Bacillus thurengensis insecticldal endotoxins, chittnase genes, 
protease inhibitor genes, genes encoding nematode resistance and so on. In addition by using recombinant, 

5 chemically inducible promoters one may be able to express a pest toxin in only affected tissues and 
prevent their expression in portion(s) of the plant to be used as foodstuffs. 

Chemically regulating the expression of genes involved in pytohormone biosynthesis in transgenic 
plants may have agricultural benefit. For example, chemical induction of 1-amino-cyclopropane-1-carboxylic 
acid synthase genes just prior to harvest may accelerate fruit ripening as a harvest aid by providing a burst 

io of ethylene synthesis immediately prior to harvest. Similarly, regulating the expression of other genes 
involved in the biosynthesis of other phytohormones such as cytokinins. auxins, gibberellins, and abscisic 
acid to control hormone levels in field grown plants may prove to have great agricultural utility. 

There would be substantial agronomic benefit in regulating and expression of a great number of plant 
traits if one knew which gene(s) encode the protein(s) responsible for these traits. As these genes and their 

ts products are discovered, regulating their expression by external chemical control may well have agronomic 
value. In this manner, yield penalties associated with constitutive expression of a trait that may be needed 
for a relatively short period of time, can be minimized. Examples of such genes and traits are drought 
resistance genes, salt tolerance genes, pathogen resistance genes, and so on. 

By expressing genes for degradative enzymes in specific plants tissues just prior to harvest, one may 

20 be able to reduce the processing costs associate with converting raw plant materials to useable forms. 
Examples include the expression a-amylase in rice seeds just prior to harvest to reduce processing costs 
for the brewing industry, increasing the yield of sucrose in sugarbeets by expression of just prior to harvest, 
improving the nutritional quality of soybeans by reducing raffinose and raffinosaccharides in by expression 
of high levels of a-galactosidase in seeds just prior to harvest, expression of ligninase in plant tissues used 

25 by the puip and paper industries. 



Claims 



30 1 . A nucleic acid promoter fragment inducible by a compound of Formula l-IX: 
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5 



10 



IS 



20 




IX 



wherein 

X is H, F, CI. Br CF 3 , or C1-C2 alkyl; 

X I is H, F, CI, C,-C 2 alkyl. S0 2 NRm 2 or CO2R 1 ; 
30 Y is H, CI or S0 2 NR 1 R 2 , CO2R 1 , NO z , P(0)(OWhl 

R is H, Ci-Cs alkyl, C 3 -Cs cycloalkyl, benzyl or C2-C4 haloalkyl or C2-C* substituted with Ci-C 2 alkoxy or 
CtC 2 alkylthio; 
R 1 is Ci-C 3 alkyl; 
R 2 is C1-C3 alkyl; 
35 R 3 is CO2R2; 

R 4 is Ci-C 6 alkyl or C3-C6 cycloalkyl; 
R 5 is C1-C3 alkoxy or NR 6 R 7 ; 

R 6 is H t OCH3, C1-C4 alkyl, C3-C* cycloalkyl, Ci-C* alkyl substituted with Ct-C2 alkoxy or ethoxyethoxy; 
and 

40 R 7 is H or C1-C2 alkyl; 

and agriculturally suitable salts thereof such that exposure of plants transformed with said promoter 
fragment to a compound of Formula MX causes increased expression of a DNA sequence coding for a 
selected gene product operably linked to said promoter fragment. 

2. A nucleic acid promoter fragment of Claim 1 wherein the compound of Formula I is a member of the 
45 group wherein: 

X is H or 2-CI; 

Yis 3-C1 or S02N(CH 3 )2; 

R is H, d-Cs alkyl or Cs-Cs cycloalkyl. 

3. A nucleic add promoter fragment of Claim 1 wherein the compound of Formula II is a member of the 
so group wherein: 

R is C1-C* alkyl or Cs-CXe cycloalkyl; 
Ra is C1-C4 alkyl. 

4. A nucleic acid promoter fragment of Claim 1 wherein the compound of Formula ill is a member o the 
group wherein: 

ss Rs is OCH3 or NRsRz; 
Re is H or Ci-C* alkyl; and 
R7 is H. 

5. A nucleic acid promoter fragment of Claim 1 wherein said compound of Formula MX is a compound 
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selected from the group consisting of diethyl^-tbutylaminowtfbonyljaminosulfonyllphenyljlphosphate. N- 
isopropy Icarbamoylbenzenesulfonamide, 1 -cydohexyh3-(methylsulfony l)urea, 1 -(n-butyl)-3- 

meycloh:x(lonyiurea, metriyl-2-[(aminocarbonyl)arninosulfonyl]benzoate 4 N-(aminocarbonyl)-2-chloroben- 
zenesulfonamide, N -^-tn-butylaminocarbonyOl-O-chloro-N.N-dirnethyl-l ,2-benzenedisulfonamide, 2-chloro- 
5 N-(methylaminocarbonyl)benzenesulfonamide, 2,3-dich!oro-N-[(cyclopentylamino)carbonyl)- 
]benzenesutfonamide t and N-(aminocarbonyl)-2,3-dichlorobenzenesuIfonarnide. 

6. A nucleic acid promoter fragment of Claim 1 derived from a plant. 

7. A nucleic add promoter fragment of Claim 6 wherein said plant is a monocotyledonous plant. 

8. A nucleic acid promoter fragment of claim 7 wherein said monocotyledonous plant is selected from 
10 the group consisting of corn, oats, millet, wheat, rice, barley, sorghum, amaranth, onion, asparagus and 

sugar cane. 

9. A nucleic acid promoter fragment of Claim 8 wherein said monocotyledonous plant is selected from 
the group consisting of com and rice. 

1 0. A nucleic add promoter fragment of Claim 6 wherein said plant is a dicotyledonous plant. 

75 1 1 . A nucleic acid promoter fragment of Claim 1 0 wherein said plant is a dicotyledonous plant selected 
from the group consisting of alfalfa, soybean, petunia, cotton, sugarbeet, sunflower, carrot, celery, cabbage, 
cucumber, pepper, canola, tomato, potato, lentil, flax, broccoli, tobacco, bean, lettuce, oilseed rape, 
cauliflower, spinach, brussel sprout, artichoke, pea, okra, squash, kale, collard greens, tea and coffee. 

12. A nucleic acid promoter fragment comprising a nucleotide sequence from the 5' flanking promoter 
20 region of a com gene substantially homologous to cDNA clone 2-1 deposited with the American Type 

Culture Collection (ATCC) and given the ATCC accession designation 67805. 

13. A nucleic acid promoter fragment of Claim 12 comprising a nucleotide sequence from the 5 
flanking promoter region of a corn gene substantially homologous to cDNA clone 2-1 deposited with the 
American Type Culture Collection (ATCC) and given the ATCC accession designation 67805, such that 

25 exposure of plants transformed with said promoter fragment to a compound of Formula MX causes 
increased expression of a DNA sequence coding for a selected gene product operably linked 3' to said 
promoter fragment. 

14. A nucleic acid promoter fragment of Claim 13 wherein said compound of formulae I-IX is compound 
selected from the group consisting of N-(aminocarbonyl)-2-chlorobenzenesulfonamide, 2-chloro-N- 

30 (methy laminocarbony l)benezenesulfonamide, 1 -(n-butyl)-3-methy Sulfonylurea, 1 -cyclohexy I-3- 

(methylsulfonyl)urea, diethyl [[2-(butylaminocarbonyl)aminosulfonyl]phenyl]] phosphonate, methyl 2-[- 
(aminocarbonyl)aminosulfonyl]benzoate, 2,3-dichloro-N-[(cyclopentylamino)carbonyl]benzene sulfonamide, 
and N-<aminocarbonyl)-2,3-dichlorobenzenesurfonamide. 

15. A nudeic acid promoter fragment of Claim 14 wherein said compound of Formula l-IX is N- 
35 (aminocarbonyl)-2-chlorobenzene sulfonamide. 

16. A nucleic acid promoter fragment of Claim 11 comprising the nucleotide sequence of 590 base 
pairs running in the 5' to 3' direction from base pair position 1 to base pair position 590 as shown in Figure 
2 from a gene substantially homologous to cDNA clone 2-1 . 

17. A nucleic acid promoter fragment of Claim 16 comprising the nucleotide sequence of 363 base 
40 pairs corresponding to base pairs 169 to 532 in Figure 2, or any promoter fragment substantially 

homologous therewith. 

18. A nucleic acid acid promoter fragment comprising a nucleotide sequence from the 5' flanking 
promoter region of a com gene substantially homologous to cDNA clone 2-2 deposited with the American 
Type Culture Collection (ATCC) and given the ATCC accession designation 67803. 

45 19. A nucleic add promoter fragment of Claim 18 comprising a nucleotide sequence from the 5 
flanking promoter region of a com gene substantially homologous to cDNA clone 2-2 deposited with the 
American Type Culture Collection (ATCC) and given the ATCC accession designation 67803, such that 
exposure of plants transformed with said promoter fragment to a compound of Formula NX causes 
increased expression of a ONA sequence coding for a selected gene product operably linked 3' to said 

so promoter fragment. 

20. A nucleic acid promoter fragment of Claim 19 wherein said compound of formulae l-IX is a 
compound selected from the group consisting of diethyl [[2-(butylaminocarbonyl)aminosulfonyl]phenyl] 
phosphonate, N'-p^n-butylaminocarbonyOl-e-chloro-N.N-dimethyl-l ,2-benzenedisulfonamide, N-isopropyl- 
carbamoylbenzenesuffonarnide, 2-chloro-N-(methylaminocarbonyl)benzenesulfonamide, N-(aminocarbonyl)- 

55 2-chlorobenzenesutfonamide, and 1 -cyclohexy l-3-(methylsulfonyl)urea. 

21 . A nucleic acid promoter fragment of Claim 20 wherein said compound of Formula l-IX is diethyl[[2- 
(butylaminocarbonyl)aminosulfonyllphenyr] phosphonate. 

22. A nudeic add promoter fragment of Claim 18 comprising the nucleotide sequence of 207 base 
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therewith. ^ m «ricinn » nucleotide seauence from the 5 flanking promoter 

of ^sssrss^ r^SEsr 6 w " * *— Type 

Xe Election (ATC*) and ^ ^ ^ me g - 

25. A nucleic acid promoter fragment of Cla,m ,24 ^wnang i 5-2 deposited with the 

flanking promoter region of a com »»-*>^£» ST^J^SS-on 67804. such that 
American Type Culture Collection ATCC) and tfven ^^"f^SSound of Formula MX causes 
=ed t&^S^ SS rSldVn^uct opera,, linked 3 to - 
promoter fragment wherein said compound of formulae MX is a 

^as^^^ 

""SttSX^ « -erein said compound of Formula HX Is 2-ch.orc-N- 

(methylaminocart)onyl)benzenesulfonam.de comprising the nucleotide sequence of 889 base 

28. A nucleic acid promoter fragment of Claim 24 compns g shown in Rgure 

pairs running in the 5 to 3' direction from base pair posrton 1 to base pair posmo 
5 from a gene substantially homologous to cDNA seauence from the 5 flanking promoter 

MnHq, p.=mo». region ol . P^^"*f*^JT?rec1i^^^9~»" a™ 23 - «* «" 
compound selected from the group cons.sting ^"f 2 ^, 0 ro-N-(methylamino carbonyl)- 

(ami 3 n 2 ^nSic^^ 31 - id - * Formu,a wx is ^" 

(aminocarbonylh2H*loroben Z ene^onam.^ ^^sing the nucleotide sequence of 595 base 

- * r — 595 35 shown in R9ure 

8 from a gene substantially homologous to cDNA ^ ™ . ^ nucle otlde sequence of 240 base 
34. A nucleic acid promoter fragment of Clam * ^JfT? any Promoter fragment substantially 
B pairs corresponding to base pairs 356 to 595 in Rgure a. o y h 

homologous therewith. ^nrisina a nucleotide sequence from the 5 flanking promoter 

zz&sr* ^ - ^ ype 

Se collection (ATCC) and giver ithe ATCC ^^X^cteotide sequence from the 5 
so 36. A nucleic acid promoter fragment of Claim 1 34 oompnstng deposited with 

flanking promoter region of alo^a, jene ^cHc^e^on 67822. such that 
the American Type Culture Collection (ATCC) ana given rne nd of formula MX causes 
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benzenesulfonamide. 2.Wich.oro^^^ 
ni^XZ™™"^ 37 where, said compound of Form,a HK is N- 
<N TT3!J3^^ a nucleotide sequence from the 5 flanking promoter 

region of a corn gene substantially homologous ^ ^NAclo^8_ sequence from the 5 

40. A nucleic acid promoter fragment of Chum : w ~3 5 « DNAc|one 218> such that exposure of 
flanking promoter region of a com ger^^bstanfcally homo^ous to cDNJ cto m 

plants transformed with said promoter ^ment mj. of Forrnute H ^ ^ 

sion of DNA sequence coding for a selected ^^^TSS impound of formulae HX is compound 

41. A nucleic acid promoter fragment ^ C, J7jJ I ^^ ny ^^Sen 2 enesum,namide. 2-ch.oro-N- 

therein said compound of Formula MX is N- 
(aminocarbonyl^hlombenzene su^nam.de. e ^ of 1574 base 

fragment of Claims 1-42 or 43. a DNA sequence <^^2J£^5S transformed plant to a 
promoter fragment, and a suitable 3 d«ea^ reg.cm such M t*o«.o f sa, product . 

compound of *>™'V:!^ for 3 ****** ^ *°*Z 

45. A recombinant DNA constoud :of Ctairr ,44 ^wherem acetoiactate. synthase. 5- 

is selected from the group cons.st.ng i of the sequence ^»o p-g conferring insect 

eno.pyruvy.skikimate-3-phosphate ^^..^ ™^J^T£cZ thuringiensis insecticida. 

^'TTracombinant DNA construct, capable of transform, ng a ^^^^^^ 
promoter fragment of Claim 23 inserted into (2) m, lynLse gene of 
le CaMV 19S and 35S promoters, and NOS and OCS MP£"£" ^ ^ ^ ^^y,, m, 
Agrobacterium. the promoter of the small subun. of P a stem specific promoter, a seed 

binding protein genes, a root specfflc Promoter a lea ' «P^^™ ^ess-inducible promoter, a 

upon exposure of said transformed plant * > a ^^^^t^ent of Claims 1-42 or 43 such that 
47. A transgenic plant contammg a nucle.c acid promoter ™Q expression of a DNA 

exposure of said transgenic plant to a ^.^VS pmmoter fragment 
sequence coding for a ITocc^edonous plant selected from the 

^ A transgenic plant of Claim 48 wherein said plant is a monocotyledonous plant selected from the 

^J^S^Si. 47 wherein said p^is - CEST £2?. 

consisting of *aKa. soybean petunia. ^^^TSan^^eed rapl cau,if,ower. 
pepper, canola. tomato, potato, lentil, flax. br0 ^° u ' ~ D ^~' s ^ coffee, geranium, carnation. 

'Tsni'S » P« of Mm 47. 



cane 

50 
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52. A method of causing increased expression of a selected gene product in a plant comprising the 
steps of (a) transforming said piant with a recombinant DNA construct of Claim 44, (b) exposing said 
transgenic plant to a compound of Formula MX, and (c) causing said transgenic plant to increase 
expression of said selected gene product at a desired time. 

53. A method of causing increased expression of a selected gene product in a dicotyledonous plant 
comprising the steps of (a) transforming said dicotyledonous plant with a recombinant DNA construct 
containing a nucleic acid promoter fragment of Claim 29 or 35, (b) exposing said transgenic dicotyledonous 
piant to salicylic acid, and (c) causing said transgenic dicotyledonous plant to increase expression of said 
selected gene product at a desired time. 
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FI6.1 



I. GROW CORN SEEDLINGS HYDROPON1CALLY 

2. ADD N<AMlNOCARBONYL)-2-CHLOROBENZENESULFONAMIDE TO 
HYDROPONIC MEDIUM OF HALF OF THE PLANTS AND GROW FOR SIX 
HOURS 

3. ISOLATE rnRNA FROM ROOTS OF TREATED AND UNTREATED PLANTS 

4. CREATE cDNA LIBRARY FROM rnRNA FROM TREATED PLANTS AND 
REPARE REPLICA COPIES OF UBRARY 

5. SCREEN COPIES OF cDNA LIBRARY WITH 32p-DIMA PROBES MADE 
FROM EITHER TREATED OR UNTREATED ROOT rnRNA TO ISOLATE 
CLONE CONTAINING SEQUENCES INDUCED BY N-{AM!NOCARBONYL)-2- 
CHLOROBENZENESULFONAMIDE 

6. PREPARE CORN GENOMIC UBRARY 

7. USE cDNA CLONE TO ISOLATE CORRESPONDING CHEMICALLY 
INDUCED GENETS) 

8. DETERMINE SEQUENCES OF cDNA CLONE AND GENE. IDENTIFY 
PROMOTER AND 3' DOWNSTREAM REGIONS OF GENE TO BE REMOVED 
FROM STRUCTURAL PORTION OF GENE 

9. ADD CONEVIENENT RESTRICTION SITES FOR CLONING (IF NEEDED) 
AND CREATE RECOMBINANT GENE BY OPERABLY LINK B- 
GLUCURONIDASE CODING REGION TO PROMOTER AND 3* DOWNSTREAM 
REGION OF INDUCIBLE GENE 

10. TRANSFORM RECOMBINANT GENE INTO PLANTS 

II. TEST PLANTS FOR N-<AMINOCARBONYL)-2- 
CHLOROBENZENESULFONAMIDE INDUCIBLE EXPRESSION OF 
RECOMBINANT GENE 
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FIG. 2 



1 


CTACCTTCAT 


GAGACGTAAC TGCAGAAGAT 


GTGCTTTCCA ACTTCGGTTA 


51 


TGTTACCTTT 


AATCCCAAGC CTTCAGCGCT 


GCTGATGTAT 


GGCTTAACTT 


101 


CTTATTGAAG 


CCAAGATATC TGTTAGCAAA 


TAGCATGCAA AGATATACGA 


151 


GAGAAAATAG 


CACGCTATGG GCCTTTCTAA 


TAAGAGATCC 


TTGTAGACAT 


201 


GACTTCAGCA 


GTTTAGGTCA TAGATGACGA 


CGACGAGTAA 


GCACCTGCAA 


251 


TGGGGCCAAC 


ACGAATTGTT CGTGCGTCAC 


AACGAGGCGA 


AGATGACACA 


301 


ATCGATTACG 


TCATCAGTCG TTTAACTCAA 


GTGCAACACT 


ATGAGGTCCT 


351 


GACAGGTGGG 


GCGCCACCGC AATTTATTAG 


CAGCCAGCGA 


GCGAGCGGCG 


401 


ACAGAGACGT 


GGTGGGCCTG TGGGGGTCTG 


GCAACCCAAA 


CGTGGAAAAG 


451 


TCATGCATGC 


ACTGCGCTAA AGTCTAAGCC 


ATCACTAAAA 


CACCACGCGT 


501 


ATAAATACCC 


GGACCAATCA GCCATGCCGG 


CAGCCGGGTC 


GCGTTTCCAA 


551 


CAGGCCAGTC 


CCCTCCCACT CCCAGTCCCA 


TCTCGACGAC ATGGC 
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FIG. 3 
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1 


AGGAATTCCT 


CTCCATGGAT 


CCCCTCTATT 


TACCTGGCCA 


CCAAACATCC 


51 


CTAATCATCC 


CCAAATTTTA 


TAGGAACTAC 


TAATTTCTCT 


AACTTAAAAA 


101 


AAATCTAAAA 


TAGTATACTT 


TAGCAGCCTC 


TCAATCTGAT 


TTGTTCCCCA 


151 


AATTTGAATC 


CTGGCTTCGC 


TCTGTCACCT 


GTTGTACTCT 


ACATGGTGCG 


201 


CAGGGGGAGA 


GCCTAATCTT 


TCACGACTTT 


GTTTGTAACT 


GTTAGCCAGA 


251 


CCGGCGTATT 


TGTCAATGTA 


TAAACACGTA 


ATAAAATTTA 


CGTACCATAT 


301 


AGTAAGACTT 


TGTATATAAG 


ACGTCACCTC 


TTACGTGCAT 


GGTTATATGC 


351 


GACATGTGCA GTGACGTTAT 


CAGATATAGC 


TCACCCTATA 


TATATAGCTC 


401 


TGTCCGGTGT 


CAGTGACAAT 


CACCATTCAT 


CAGCACCCCG 


GCAGTGCCAC 


451 


CCCGACTCCC 


TGCACCTGCC 


ATGG 
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FIG. 5 



1 


GCGGTCACAA 


TTACCCTATA TATCTACTAT 


ATACCAACTA 


CCATTTATTA 


51 


TATCATATTT 


TTACCATACT CTATACCAAC 


TCCATCACAC 


GGCTGCTGTA 


101 


CTGCTTCCTT 


CTACTGCTAC TGTACTGGTT 


CTCTAGGCCC 


ACCTCGTCTG 


151 


CTGGGAGAGA 


GCAGTGGCAG AGCGCTACAT 


TTGGCGTAGA AGAGGCGGAG 


201 


AGAGAGCGTA 


GAGTGAGATA TAGAGTGCAC 


CGTTGCAGAT 


CTTGTCTACT 


251 


GTAAAANTTT 


AGCGTAGCTT TTCCAGCTGA 


CCACTGCGGC 


TAGCCTAAAA 


Owl 






GGGCGGTACG 


TCGCCCCAAA 


3S1 


TAATTAAACG 


GTGCTCGATG TACCTCTACG 


GGACCTTTTT 


CAGCCTTTTT 


401 


TCTTTATTTT 


ATTATTATTA TTTTGGTACT 


ACACAAGGGA 


CCTTTTGACG 


451 


CTGAGATGAT 


GCCCAAAAAC AAAAGGACGC 


TCATCATCAG 


TGACGCCCAG 


501 


TCGTCGCCAA 


GCAGCTAGCT AGCATGCCAA 


TAATTTTTTT 


CTTGTTAATG 


551 


TTGTCGCAGC 


TGGTACTATA CTACTACTAC 


TACGCCGTAT 


ATGAATGCGC 


601 


GTTTTGTCTG 


ATGCTCAGGC TGATTCCATC 


CAATTGTCTT 


TCTTCTCTCC 


651 


TCTCCACCCA 


TGCCCCGTCC GTCGCAGCAG 


GGGTTATATA 


GTGCCCGCGA 


701 


ACGGACGCAG 


GCGCCACGAA GCCGAGATCG 


AGCAGCTACC 


TCTCCGATCC 


751 


GAGGCCTGAG 


CGAGCGAGCT GAGGACTGCA 


GCCTATATAA TATCTAGACT 


801 


AGAGTACACC 


ACAACGACGA GGCACATATA 


TATACACGCG 


GCGGCGGCCA 


851 


GATCCATCTT 


GGTATACACG TAATATATAT 


ACACGCACGA TGG 
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FIG. 6 
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Cut with Sal I 
& Bam HI 
Isolate 2.1 kb 
fragment 



Cut with Sal I 
& Bam HI 



K ^ ^S CACGCACGATGGGCA 




01 igonucleotide 
mutagenesis 

TGCCCATGGTGCGTG | 



Ncol 

I 1 

CAC6CACCATGGGCA 
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"FIG.7A 






1 


GAATTCGTTT ATAAAAATAT ATCGTTCC6C AGGCGTTGAG 


CCTTTTTCTA 


51 


CTAGTGATGT CTTCACAACG 


TTTCGAGCTT 


TTCCCTAATT 


GGCGGGTGAT 


101 


TAAGGCTTGT ACACGGAGTC 


TTTCTCCTAC 


TCTACCCCTG 


TTAGAAGGCG 


151 


TAACCCCTTT TTATAAGCCC 


GAACACCTGA TGACCAAACC 


AGGCCAAAGG 


201 


GTATAACGAT TGTTGCCCCC 


CTAATCAGCG 


CAATAATGCG 


CGTGGGCCTA 


251 


ACGCTGTTAA GACTCGATCC 


TATTGACCCG 


TCCGAGATCA 


ACCTAACAAA 


301 


GTTCTAGCCA TGTGCCATTT 


CGTAATGAAA 


ATGAGGGCCA 


AGGTGTCACC 


351 


TTGCTGGTCT AAAAAATGTG 


CCTCGATCCA 


AGGGACTGTT 


CATTTTTTAA 


401 


AATGACCATA TGACAGACAT 


CAGGCTAATG 


GACATGGTTG 


AGTTTGGATT 


451 


GGCTCAACTC GGTTCGTTAA CAAACCAATC 


CAAAAAGTCA GCTCGCTATT 


501 


TACGAGCTCG AACAATTATT 


ATCATTAATC 


AATTTGCTTG 


TTAGTTACAA 


551 


ATTCAGTTTT ACTTAACAGA 


AAAATAGTTA 


ATTTATTCTT 


CATAATTTCA 


601 


CAGACCA7TA TAAATTAAAC 


ACTAAATTAA 


TATAGAATCA 


ATCACAGACA 


651 


TAATTTATCA TCATCAGTTT 


GAATCCACGA 


GCTACATAAG 


CCGCACATAC 


701 


AATGTAGCAT ATTCACCGAT 


TCTAGATGAA 


ATATACTGCA 


TATAGTTTTA 


751 


TTTTTTGAAN GTGATAGGTC 


GTTTGACATC 


ACGAACTGGC 


TCGTTAACAA 


801 


ACAAGCTAGG ATGTTAGCTT 


ATGCTTTGCT 


ATTAGTTAGG 


ATATGGTTCT 


851 


GGGTGATCAA AAGGAAGAAA 


AAACACGAAA 


AATTTAATGA 


GGTTCTTGGA 


901 


TGACCGGAGT CAACCAACTT 


GGTTGGAGCG 


TTCTTCTTCC 


CTGATCGTTC 


951 


GTAGTCGGCA CTCTCCCCTC 


ACGGCTGACG 


TCCTCACCTC 


TCCTCGTCCA 


1001 


CGCGAACCAG ACGTACGGTA 


GCTGTTTCAC 


ATTTCTAATT 


TACTATACGT 


1051 


AGTGAACTCG CTGTGGTGTT 


ACCACCTCTC 


GCATTGCTAA 


TTTACTGGAT 


1101 


ACGCTCTTAG CTTGGACACA 


AATTGGACCT 


GCAACGGACT 


GATGAATTGC 


1151 


AAAGTTTATT TTTCCATTTG 


GAAGGTAAAG 


CTGAAACGAG 


TTCCTCCGTC 


1201 


AGACATTCTT ATATTTTGAA 


CCGCGAGAGT 


TCAAATCCCC 


AGCCAAGCTG 


12S1 


AAAGGTCAGA GCCTGAAATT 


TTCGTGCTGG 


GATGACGTTC 


GCCCTTACGT 


1301 


CGCGCGCTGC AAACTGAAAC 


GAGTTCCCAT 


GCCCAAATAA 


ACTTGAGAAA 
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FIG.7B 



1351 AGTGCTGTCT TGTTCAGCTA TGCCCGCATT ATAGATCGAT ATGGTGAGGT 

1401 CACTGCTTAT GCCAGGCACA TGACTCAATA TAGCTCCATA TCTTAGGCGA 

14 51 ATTAATCACA TCTCTCTGAC CGATCTTGGG CTCTCCTATA AATATATAGG 

1501 AACGTACGTA AAGTTTCTCC AAGCAGATAG CAGCAAGCTA AGCAAGTGCC 

1551 AACCAACGAG TAGCAGGAAA C ATG 
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FI6.8 



1 


ACTGAAGAAT 


GATGAGTGAC 


TCACAAAATG 


GTTTCCCATT 


GTGGATCAAG 


51 


AATGGGATTT 


TCTTGTGAAT 


TGGGTTCATT 


TGTAGGAGCA 


GAGGACTTTT 


101 


GATCCTCAAG 


TCCTCCTTCC 


TTGTATTCAT 


AATGAATTCC 


TTTTTCAGCC 


151 


AGGGCAATCC 


TGACCCTCAT 


CCCAAACATA CTGTAAGTAT 


CTAGTAGGAC 


201 


AATTTCATCT 


GCCTTTTTTT 


TTAAAATGAA 


AiTTAAGGAT 


AGTATAATGG 


251 


AATTCCAACA 


AATATAAAAC 


TAGAATCAGT 


TATTATTCAA 


CATAAACCCA 


301 


TGAAG7ACCA 


AATTTGTGGG 


GGTAGAGAGA 


AGATTTGGAT 


CGAC7AAAAT 


351 


TTTGACTAGT 


AAGTTAAAAA 


AATTAAGGAA 


CAGAAGAAAG 


TGGAGCCTTC 


401 


TTGCTTAACG 


TTTACTACTA 


TAAGACCCCG 


TGACGAATGT 


GATGACATAA 


451 


GTAGGTCGGC 


CACACAAAAA 


AATCTGGAAA 


CTCCCGGACC 


ACAACACCGC 


501 


T7GTACCCAT 


AATAAAAATG 


TTTAAAAATG 


AAGACATCTA 


AGTTTCTACT 


551 


GGTCTATATA 


TAGAACTTGA ACTATATACG 


AAGCATATCA 


GTTCTAAGCA 


601 


TTTGTGCAAA 


TTCTATAAAT 


TCTTCTTACT 


TGCCTTTCAT 


AATTCATAAG 


651 


CATAACAATG 
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FIG. 9 
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FIG. 11 
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Ncol 

Gel purify 6.6 
kb fragment 
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Xbal 

Blunt w/Klenow 
Ncol 

Gel purify 1.9 
kb fragment 
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N Ncol 
S Sail 
S(H) Sal (Hindi) 
Sm Sraal K- 
Sstl 
Xhol 
Xbal 



Ss 
X 
Xb 



EP 0 388 186 A1 




BP 0 388 186 A1 



* ♦ • » » 



CP 
I— I 
Lu 



CD 
CM 



e> 



i IM003 
o 

CM 



PON — 

ICON- 
IC ' 



IOon 



2 3> 
£| cm 

CM 



IIIPUIH— I 



ro 

c\i 



CO 



1= 

if 



f 8 



O O 
LU CH 

——"5 
o — o 



O CJC 



a 

— HH 

o wo 
"o c o c: 
c a> -c — 



\ — "O o 



— c c 



O 
CM 
OJ 



IIIPUIH 



IM003/I0MX 



IOON 

Ioon 
IH003 



Ioon 
IIIPUIH 



cvj 

i 




2 5> 
21 7 

CM 



a. 



P 
It 



m 



EP 0 388 186 A1 



FIG.13A 



(EcoRI/PvuII) 




Ligate 



pJE516 



Xhol 3 kb Ncol 
F1 promote 



GUSl 



1 . 1 kb 



Cut w/Nco 



EcoRI 



and Xhol 



then phosphatase 




Hlndlll 



(2700 bp 
I 

Cut w/XhoI 
Partial w/Ncol 
then gel purify the 
1900 bp fragment 



Ligate 



CONTINUED ON FIG 13B 
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FIG.13B 

CONTINUED FROM FIG 13A 
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FIG. 14 



O 

o 



o o 
Ui CO 



Xho l | ^ ( 
—I — I 2-2 promoter 
(1900 bp) 



Ncol 



pTDS130 



(1100 bp) 



BamHI 

-J — pBS(+) 



•fl(+J 



Cut w/ BamHI 



LacZ 

pBlueScrlpt \ 

<§£& Pol JJk'". ker 



ORI 



Cut w/ BamHI and 
Phosphatased 



I « gate 



pTDS134 



«1 



Ncol 



CD 
o 

% cn 



[GUS 



CO 
o 
o 



2-2 promoter 
(450 bp) 



^2-1(3'^! 
(1100 bp) 



•bluescr Ipt 



EP 0 388 186 A1 



FIG. 15 
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FIG. 16 



v PTOS133 (-4 68) v PTOS134 (-454) 
1 AGGAATTCCT CTCCATGGAT CCCCTCTATT TACCTGGCCA CCAAACATCC 

51 CTAATCATCC CCAAATTTTA TAGGAACTAC TAATTTCTCT AACTTAAAAA 

101 AAATCTAAAA TAGTATACTT TAGCAGCCTC TCAATCTGAT TTGTTCCCCA 

151 AATTTGAATC CTGGCTTCGC TCTGTCACCT GTTGTACTCT ACATGGTGCG 

v pDuPM17 (-249) 
201 CAGGGGGAGA GCCTAATCTT TCACGACTTT GTTTGTAACT GTTAGCCAGA 

pDuPN27 (-207) 

251 CCGGCGTATT TGTCAATGTA TAAACACGTA ATAAAATTT'A CGTACCATAT 

pDuPtf4 (-149) v pDuPN7 (-130) 

301 AGTAAGACTT TGTATATAAG ACGTCACCTC TTACGTGCAT GGTTATATGC 

351 GACATGTGCA GTGACGTTAT CAGATATAGC TCACCCTATA TATATAGCTC 

401 TGTCCGGTGT CAGTGACAAT CACCATTCA? CAGCACCCCG GCAGTGCCAC 

451 CCCGACTCCC TGCACCTGCC ATGG 
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FIG.18C 
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FIG.19A 



pUC118 




35S (1.4Kb) 
N(ATG) 



N(ATG) 



GUS 

r (1.9 kb) 



pUC118 



H' X(TAA) 
OCS 3' 
(0.7kb) 

CuJ w/ EcoRI 
blunt w/Klenow 
cut w/ Ncol 
Isolate 6 kb 
fragment 




Llgate 



B w X c 

(E/Sm) 



Cut w/ Smal 
and Ncol 
Isolate 1.3 kb 
fragment 



B. X 



DUC118 




P6.1 (1.3kb) 



pUC118 



GUS 




N(ATG) 



Bg(TAA) 
N 



Parti ally cut w/Xbal 
Cut w/Hlndlll 
Isolate 6.4 kb 
fragment 



Cut w/Bglll 
blunt w/Klenow 
Cut w/Hlndlll 
Isolate 2.2kb 
fragment 



Llgate 
CONTINUED ON FIG 19B 



EP 0 388 186 A1 



. . l w % 
i 



FI6.19B 



CONTINUED FROM FIG 19A 



B v X c 



PUC118 



P6.1 (1.3kb) 
N(ATG) 




(X/Bg) (TAA) 



E P6.1 
(2.2 kb) 



E EcoRI 

N Ncol 

S Sail 

X Xbal 

B BamHI 

H HIndlll 

Sm Sroal 

Bg Bglll 



PUC118 



Cut w/ Xbal and Spel 
Blunt w/ Klenow 
Isolate 8.3 kb fragment 



Ligate 



(x/sp) N(AT6) 




(X/Bg) (TAA) 
N 



N r In P6.1 
K (2.2 kb) 



EP 0 388 186 A1 



FIG.20A 
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FIG. 21 
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FIG. 22 
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FIG. 23 
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151 GGGCTATCTC GCTTTGGATC GATTGGTTTC GTAACTGGTG AAGGACTGAG 

201 GGTCTCGGAG TGGATGATTT GGGATTCTGT TCGAAGATTT GCGGAGGGGG 
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FIG. 26 
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FIG.27B 
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FIG.27C 
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FIG.27D 
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